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ABSTRACT 


The  Flexible  Pavement  Branch,  Soils  Division,  TJ,  S.  Arsy  Engineer 
Waterways  Experiment  Station  (KES),  Vicksburg,  Kiss,,  has  contacted  a 
series  of  tests  to  establish  aircraft  ground-flotation  criteria  with 
special  emphasis  on  developing  criteria  for  the  C-5A  aircraft.  This 
report  presents  an  analysis  of  data  collected  as  a  result  of  traffic  tests 
on  unsurfaced  soils  and  soils  surfaced  with  2-58  and  Til  landing  mat.  Also 
presented  are  introductory  and  background  information  on  the  WBS  ground- 
flotaxion  research  program,  a  description  of  the  test  equipment,  materials, 
procedures,  and  techniques  used,  and  examples  of  use  of  the  criteria. 

This  abstract  is  subject  to  special  export  controls  and  each  trans¬ 
mittal  to  foreign  governments  or  foreign  nationals  may  be  made  only  with 
prior  approval  of  the  Air  Force  Flight  Dynamics  Laboratory  (JDFH),  Wright- 
Patterson  AFB,  Ohio  1*5433. 
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SUMMARY 


This  report  summarizes  insults  of  an  extensive  study  to  develop 
a  method  for  designing  an  efficient  landing  gear  configuration  for 
aircraft  required  to  operate  on  TO -type  airfields.  This  method  was  de¬ 
veloped  from  a  series  of  ground-flotation  tests  conducted  on  mat-surfaced 
sub grades  and  un surfaced  sabgrades.  Also  presented  is  a  discussion  of  the 
testing  procedures  and  techniques  and  of  the  data  analysis  of  all  tests 
conducted  in  conjunction  with  the  ground-flotation  investigation,  in¬ 
cluding  tracking,  drag,  and  speed  tests. 

To  develop  criteria  for  the  efficient  design  of  aircraft  landing 
gear,  a  series  of  traffic  tests  was  conducted  with  numerous  wheel  con¬ 
figurations,  loads,  and  tire  pressures .  The  configurations  varied  from 
a  single  wheel  up  t-'  12  wheels;  the  loadings  varied  from  1000  to  273,000 
lb;  the  tire  pressures  ranged  from  10  to  250  psi,  and  wheel  spacings 
varied  from  2.0  radii  up  to  6.8  radii.  These  tests  provided  sufficient 
data  to  develop  ground-flotation  criteria  for  a  wide  range  of  conditions. 
The  data  were  analyzed  to  develop  basic  single -wheel  criteria.  Then  a 
method  of  extending  the  single -wheel  criteria  to  multiple-wheel  data  was 
determined.  Drawbar  pull  measurements  were  made  at  the  beginning  of  each 
test,  at  intervals  during  testing,  and  at  failure  in  order  to  ‘obtain  drag 
information , 

Several  scale  model  tests  were  conducted  to  obtain  speed  versus  drag 
data.  These  tests  were  run  using  various  speeds,  loads,  tire  pressures, 
and  tire  sizes.  The  principles  of  scale  modeling  were  used  in  planning 
these  tests  so  that  dimensional  analysis  principles  could  be  used  in 
analyzing  the  results. 

Specifically,  in  this  study: 

a.  Single -wheel  or  equivalent  single -wheel  loads  were  related  to 
tire  pressure  in  terms  of  an  index  cf  available  airfield  sur¬ 
facing  strength  (lA)  for  Til  and  M8  landing  mats. 

b.  unsurfaced-soil  strength  requirements  were  related  to  single- 
wheel  or  equivalent  single -wheel  loads,  tire  pressures,  and 
coverages . 
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Aircraft,  gesignars  mat  design  aircraft  gears  test  sdli 

a31os  s5rrrait  to  fly  &  given  zrrrbsr  of  sorties  fnss  a  daslgostsd  air¬ 
field.  2r«s  rexest  camsrt  cl  aircraft  cperatJLcn  in  a  aestsr-«f- 
eperstioES  ( ££>)  is  Sat  heavy -cargo  aircraft  srast  be  cspsbXe  of  flying  in 
sag  oat  of  tress  very  close  to  cazhsh  treeps.  Sds  ecncs^t  requires 
that  sense  tfve  of  airfield  frets  ssici  the  aircraft  cam  operate  ce  ccn- 
cfcrscted  li.  ehese  ex*zs.  In  tbs  20.  the  airfields  that  ere  ecnstrzscbsl 
sill  eifche.*  be  serf coed  viti  airfield  leasing  ssst  cr  resiain  nrscrfeced. 
SL1a?ar  of  these  types  of  airfields  areally  has  a  Ire  strength  seal  a  short 
life,  sahjsg  it  capable  cf  saceseocgtins  cost  hessy -cargo  aircraft  for 
only  a  f*s  beieoffs  and  lendings-  Sherefcxe ,  nsvly  developed  aircraft 
ssst  be  -jiggigned  so  that  they  can  perienn  a  szffidecf  saber  of  tsheoffs 
end  leadings  to  ecccealish  the  desired  aissicn  cs  Irs^  strength  airfields . 
Shis  requires  the  aircraft  gear  to  bsvne  a  sufficient  nnaber  of 

fixes  of  soda  a  sise,  infistiss  rresenre,  and  spacing  that  they  -sill  not 
overload  the  airfield. 


She  C-~A  is  a  Lessy-carcs  aircraft  vdth  a  saiirnn  gross  ve£g&  cf 
700,€00  to  8CG,COD  lb  eos  a  cacrbet  veight  for  support  areas  cf  yCO.XO  to 
600,0-0  lb.  She  rissicn  of  this  e±rc?sft  recaires  that  it  epersbe  in 
cce&Et  scene  frss?  sarrcrt-crea  airfields  vM  r?-.  chscscterishicslly'  have 
a  strength  equivalent  tc  that  cf  H3  Isadsg  scat  on  a  h_££3  scigrade.  2b 
operate  ca  this  type  of  airfield  recaires  tost  adequate  fjctsti.cn  be 
designed  into  the  leading  gear.  Criteria  fer  detercinirg  grornaa-S-ytsSisn 
reapdresetts  for  aircraft  lending  gesr  are  cent  sired  in  3.  S.  Arsy  Scgineer 
¥ster?sys  Sroeriassi  Station  (¥!£}  Hiscellsnsvcs  Barer  2c.  1—1 59,  ”fccand- 
Fiotstios  Berairesents  for  Aircraft  Sear ,"3*  and  U-  S.  Air  Force 

oysters  Ccmsnd,  Headqjssrfcere,  ”5=zahcch  cf  Ir-stmeticns  For  Aircraft 
Design,5"  A5SC  Kssasl  00-1.^  severer,  the  criteria  presented  therein  are 
saceshst  lindted  bs'csase  they  era  based  cn  only  a  snail  secant  of  data, 
sad  nost  of  the  criteria  hare  received  only  United  validsticr .  It  vas 
get-ersdned  that  for  a  preggsa  as  large  as  the  C-p A  pregran,  the  criteria 
stool  n  be  farther  validated  end  in-proved .  2he  Air  Force,  therefore, 
requested  that  *23  conduct  a  series  of  tests  to  develop  sdecasts  grmnd- 
flotstion  criteria  for  the  C-$A,  iddch  (scold  also  be  applied  to  other 
aircraft.  In  addition,  the  533  vas  requested  to  nshe  a  study  of  the  roll¬ 
ing  resistance  forces  tbst  rdghx  be  experienced  by  the  C-.5&  sed  tc  try 
to  develop-  a  relation  betveen  speed  end  rolling  resistance. 


Heaped  ucdbsrs  refer  to  sisdiarly  umbered  itms  5n  the  list  of 
Heference3  to  Having  the  text  of  this  report. 


2bs  purpose  of  Shis  rccrt  is  to  sasssrise  results  of  sa  extensive 
steady  *o  siaor  «■  method  fcr  cesjgpirg  as  efficient  Ittii  rg  gasr  cgnfigsr&- 
tScn  ffcr  sircrsft  respired  to  operate  cn  ’25-type  eirfieids-  This  netiod 
vas  d©te2o?sd  froa  a  serier  of  vrvnrnd-flrrtatinr.  tests  ccrescted  ca  msh- 
snrfgssd  sad  ct£=zrf$ced  soils.  Also  presented  la  this  report  is  a  dissas- 
sica  e?  Ss  teshSrg  prscgenras  srd  teggg&coss  sad  of  to-  data  analysis  cf 
sjI  tests  ssndrcted  3a  cca^aitica  vita  tfee  grccnd-flrbatlcn  iarestigstica, 
iaelatisg  the  traffic,  rolling  resistance,  sad  speed  tests. 


5b  dsrrslcp  criteria  fcr  tie  effideot  esdsa  cf  aircraft  tending 

gesr.  a  fail  ssles  of  traffic  less*  ves  crrccsted  vita  a. _ areas  -scaeL 

ennfngrrstjccs,  loads,  and  tire  pressares-  Se  vaeal  ccaflgtrstlars 
yssia£  frag  a  steal  75;  to  12  tiaelsj  the  Teriec.  from  2.COO 

to  ?3.»0CX5  2h;  the  tire  pressaras  ranged  freer  1C*  to  2J3  psi,  ad  vt-eal 
spacing  varied  frsa  2-0  radii  e?  to  5-3  radii-  She  miterse-steel  tests 
■sere  ma  to  t~a  p'^fert  cf  tire  sasaisg  ca  erjsiralsrt  siigle- 

steel  l&az-s-  These  pests  ;-rttTtd.pd=.  ejfffgied:  cats  to  decals?  greerd- 
fhgtetioa  erdteria  far  a  vide  range  of  esmditiers-  ihe  csta  vers  sasdyxed 
to  develop  basic  s5rg2e--stesi  criteria-  Stas  e  method  of  erteading  tee 
sirgLe-smsel  criteria  tc  real'. Inle-vneel  csts  vas  dsters±r.ed. 


Srsaber  pall  sessaretects  vsre  made  st  tie  beginning  cf  each  test, 
at  irterrsls  daring  testirg,  end  at  failare.  These  measareneris  vsre 
made  to  oiteia  rolling  resistance  irfcrassticn- 

Seversl  tests  vers  ccrcmcted  in  the  '*L£>  Amy  lfc*riliiy  Research 
Branch  (iK55;  test  facility  to  crisis  speed  verses  rolling  resistance  data, 
fvsdy-three  tests  vere  ram  nsirg  Tarions  speeds,  loads,  tire  pressares, 
sad  tire  sises-  She  principles  of  scale  sodsuLisg  vere  as-ed  :  .  gleaning 
t base  tests  so  that  djasessfcral  analysis  principles  eamM  be  ised  in 
analysing  the  resalts. 

Escorting  cf  Beta 


All  data  collected  under  this  investigation  are  reported  an  separate 
parts  of  this  aeries  of  reports.  She  fb Having  list  relates  each  report 
part  to  the  information  eonfaiced  therein. 
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*  ^est  section  II  Is  r spgrted.  separately  as  tbs 
3£>5al  j£Lde-5cLre  Begem.^ 

Definitions 


Sons  of  tbs  terrs  "used  in  Ibis  report  are  defined  es  follows: 

a-  Elotstion-  Ibe  fleeting  or  ggpportlzg  of  as  aircraft  or  the 
ground  by  a  Lending  gear  systea- 

s.  California  Bearing  Ratio  ((S3),  rhe  C53  is  a  jseasare  of  soli 
strength  and  is  ased  to  evaluate  the  ability  of  soils  to  resist 
shear  aafterttaticn.  5!he  G53  test  is  contorted  by  forcing  a 
2-in- -di so  piston  into  the  soil-  fee  load  respired  to  force 
the  piston  inso  the  soil  ..  _  in.  is  expressed  as  e  percentage 
of  the  standard  value  for  crushed  stone-  Ssis  percentage  is 
the  CS3.  (See  KZL-SZD-$21A°  for  standard  testing  procedures . } 

c.  Cone  index  (Cl)-  An  index  of  soil  strength  obtained  with  the 
cone  p-euetreneier.  It  is  the  unit  load  required  to  nsintsin 
covenant  of  the  cone-shaped  probe  ncmel  tc  the  surface  of  the 
soil.  It  has  the  dimensions  pounds  per  square  inch;  and  Is 
usually  ^iver  as  an  average  value  for  a  specified  layer  cf 
soil  several  inches  ihich. 

d.  Goverag- .  Sufficient  passes  of  load  tires  in  adjacent  tire 
paths  to  cover  a  given  width  of  surface  area  one  tine.  A 
coverage  is  equivalent  to  the  load  repetition  factor  used  in 
previous  ground -flotation  studies. 

e .  gqajyalent  single-wheel  load  (SSKl) .  A  load  on  a  single  tire 
which  produces  effects  on  the  supporting  ceditn  that  are 
equivalent  to  the  affects  produced  by  a  load  on  a  r/ultiple- 
iheel  assembly. 


f *  jssairalsst  radius,  She  radios  of  a  circle  having  the  ssre  area 
“  Ld  nhe  jpE5ES”533S&fc  area  of  a  single  tire. 

g.  Chester -of -opgraticaa  (ISO)  sjrfi&Ldn.  LSrited-life  facilities 


■sdrich  are  cdh»5i£Ied  and  defined  as  follovs. 

h.  Bear-srea  airfields.  50  airfields  tbss  nrcaily  rust  support 
tie  operations  of  tsavy-esrgo  aircraft,  cediun-cargo  aircraft, 

Eza  ex -barber  aircraft  for  a  period  of  U  to  6  tenths.  The 

controlling  resr-fres  airfield  is  characterised  as  a  field  having 
the  egrdvalent  or’  a  511  leading  sst  irurfhea  lying  directly  on 

a  h~€EEL  sabgrsde. 

i.  garpart-erea.  tor-fields.  TQ  airfields  that  normally  rust  support 
the  cperchlans  of  nedisa-cargp  aircraft  (and  conceivably  certain 
fignter-lxEiber  aircraft  designed  for  close  tactical  scraort) 
far  s  period  of  2  to  k  veeis.  She  controlling  support-area 
airfield  is  characterised  as  a  field  having  the  equivalent  of 
an  K3  leading  sat  surface  lying  directly  on  a  V€3H  subgrade. 

4*  Fctrvsrd-syea  airfields.  TO  airfields  that  mist  rapport  the 
operations  of  liaison,  observation,  and  light -transport -type 
aircraft,  including  heavy-cargo  helicopters,  for  a  period  rang¬ 
ing  frees  a  fev  days  to  3  vee£:s<  dhe  controlling  forvard-area 
airfield,  is  characterised,  as  a  field  having  a  ^-Cr3  ehbgrade 
vlfch  no  structural  surffedEg.  It  eherald  he  noted  that  so  air¬ 
craft  fearing  sufficient  flotation  to  operate  on  a  k-CER  sabgrsde 
fer  a  substantial  aiefber  of  operations  vill  have  the  capability 
of  epersting  s  fever  mrsher  of  tires  on  subgradea  haring 
strengths  balov  ^  COBH. 

h.  2? eg.  For  the  purpose  erf  this  report  drag  and  rolling  resistance 
hive  the  ssre  rearing. 


SECTION  H:  TEST  F£UXE®T  A®  MATERIALS 


Test  Section 


A  layout  of  a  typical  test  section  is  shown  in  Figure  1.  The  test 
sections  generally  were  constructed  with  two  traffic  lanes,  and  each 
traffic  lane  cons ' sted  of  three  items ,  The  natural  soil  in  most  test 
sections  was  excavated  to  a  depth  of  6  ft,  and  the  excavation  was  back¬ 
filled  with  the  soils  described  below.  For  the  initial  tests,  two  test 
sections  were  excavated  to  a  depth  of  only  2  ft.  Sis  was  consistent  with 
past  practice  and  is  considered  adequate  for  the  loads  and  wheel  spacings 
used.  However,  because  of  the  magnitude  of  the  loads  and  the  very  wide 
wheel  spacings  involved  in  many  of  the  later  tests,  it  was  decided  that 
test  sections  should  be  excavated  at  least  to  a  depth  of  6  ft.  After 
backfilling  was  completed  in  each  test  section  and  the  desired  soil 
strengths  were  obtained,  one  test  item  was  surfaced  with  Til  landing  mat, 
one  item  was  surfaced  with  M 8  landing  mat,  and  one  item  remained  unsur¬ 
faced.  The  items  of  a  test  section  were  constructed  so  that  when  com¬ 
pleted  they  would- have  comparable  strengths.  That  is,  the  subgrade  CBR 
strengths  were  prepared  so  that  each  item  would  have  about  the  same  capa¬ 
bility  for  carrying  traffic.  The  Til  mat  on  a  2 -CBR  subgrade  was  con¬ 
sidered  approximately  equal  in  strength  to  M8  mat  on  a  4-CBR  subgrade  or 
an  unsurfaced  item  with  a  soil  strength  of  10  CBR.  Once  the  test  sections 
were  constructed,  they  were  ready  for  trafficking. 


ScilB 


Classification  data  and  gradation  curves  for  the  subgrade  soils  used 
in  the  test  sections  are  shown  in  Figure  2.  The  two  soils  used  were  gen¬ 
erally  the  same  with  only  some  small  differences  in  characteristics.  Soil 
No.  1,  used  in  test  sections  1-4,  was  a  fat,  buckshot  clay  (CH)  with  a 
liquid  limit  of  $8,  a  plastic  limit  of  27,  and  a  plasticity  index  of  31* 
Soil  No,  2,  used  in  all  other  test  sections,  was  a  fat,  buckshot  clay  (CH) 
with  a  liquid  limit  of  6i,  a  plastic  limit  of  24,  and  a  plasticity  index 
of  37*  These  soils  were  used  primarily  because  their  strengths  can  be 
easily  controlled  and  maintained. 

Landing  Mat 


As  indicated  in  the  definitions  of  TO-type  airfields,  the  strengths 
of  the  reai-area. and  support  area  airfields  are  defined  in  terms  of  HI 
and  MS  lancing  mats,  respectively.  Therefore,  the  Til  and  M3  mats  should 
be  used  in  the  ground-flotation  study. 

The  M8  is  a  heavy,  deep -ribbed,  steel  mat.  Figure  3  shows  MB  mat, 
and  a  complete  inscription  of  the  mat  is  given  in  NFS  Technical  f^moracdum 
No.  3-324,  "Airplane  Landing  Mat  Investigation,  Engineering  Tests  on  Steel 


Pierced  2^pe,  K8  and  Alminum,  Pierced  3$pe,  2^."^ 

The  modified  Til  mat  is  a  lightweight,  ertaruded~a.lm.inum  panel  with 
a  solid  surface.  TU  mat  is  shown  in  Figure  4,  and  a  complete  description 
is  given  in  WES  Technical  Report  Jfo.  .3-634,  "Engineering  Tests  of  Ex¬ 
perimental  Til  Aluminum  Airplane  Landing  Hat .  "4 


Load  Carts 


The  load  cart  with  which  the  majority  of  the  test  traffic  was  ap¬ 
plied  is  shown  in  Figure  5*  The  cart  is  drawn  by  a  commercial-type 
tractor  and  consists  of  an  interior  load  compartment  with  loaded  tracking 
wheels  and  an  outer  support  frame.  Weights  were  placed  in  the  load  com¬ 
partment  to  provide  the  desired  test  load,  and  the  configuration  and  tire 
size  of  the  tracking  wheels  were  varied  according  to  test  requirements. 

The  load  compartment  is  connected  to  the  frame  by  a  single  draw  pin  in  the 
front,  providing  free  vertical  movement  independent  of  the  frame.  The 
frame  prevents  lateral  movement  of  the  load  compartment  out  does  not  pro¬ 
duce  any  significant  load  on  the  teat  section.  The  wheels  of  the  tractor 
traffic  the  test  section,  hut  the  weight  and  tire  pressure  are  small  and 
this  traffic  is  considered  negligible. 

The  load  cart  shown  in  Figure  6  is  similar  to  the  one  discussed 
above,  except  that  it  balances  itself  and  has  no  need  for  an  outer  frame. 
This  cart  was  used  for  the  twin -twin  assembly  tests. 

The  load  cart  used  to  apply  the  prototype  load  traffic  (12 -wheel 
tests)  is  shown  in  Figure  7*  This  load  cart  is  driven  by  electric  motors 
located  in  each  wheel  and  consists  of  a  power  unit  and  frame  and  three 
interior  load  compartments  with  the  tracking  wheels.  Weights  were  placed 
in  the  load  compartments  to  provide  the  desired  test  load,  and  the  con¬ 
figuration  and  tire  size  of  the  tracking  wheels  were  varied  according  to 
test  requirements.  The  load  boxes  are  interconnected,  and  the  forward 
box  is  connected  to  the  frame  by  two  draw  pins.  The  boxes  are  free  t.:- 
move  in  a  vertical  direction  independent  of  the  frame.  This  load  cart 
waf.  operated  in  such  a  manner  that  the  wheels  of  the  frame  and  the  power 
unit  did  not  traffic  the  test  section. 

The  load  cart  used  for  several  single-wheel  tests  is  shown  in  Fig¬ 
ure  8.  This  cart  consists  of  the  front  end  of  a  2-l/2-ton  truck  and  a 
special  frame  which  contains  the  tracking  wheel.  A  wheel  is  cantilevered 
to  the  side  of  the  frame  to  provide  support.  The  load  for  the  tracking 
wheel  is  applied  directly  to  the  frame.  The  truck  and  cantilevered  wheel 
are  balanced  with  weights  so  that  when  the  load  is  applied  to  the  tracking 
wheel,  the  vehicle  will  not  overturn.  The  front  wheels  of  the  truck  traf¬ 
fic  the  test  section,  but  the  weight  and  tire  pressure  are  small  and  this 
traffic  is  considered  negligible. 

Q 

Several  special  tests  using  model  wide  tires^  were  conducted.  The 
load  cart  for  these  tests  is  shown  in  Figure  9*  This  cart  consists  of  the 


-» 


SEcim  m:  tests 

Traffic  Teats 


A  series  of  traffic  tests  that  would  provide  the  data  needed  for  de¬ 
velopment  of  ground-flotation  criteria  was  planned.  These  tests  are 
presented  in  Table  VII  of  Appendix  I  which  describes  the  test  plan  far 
development  of  design  criteria  for  the  CX-SEil  aircraft.  However,  the  tests 
which  were  actually  performed  varied  somewhat  from  those  which  were 
planned  because  of  special  test  developments  or  because  soes  tests  inv¬ 
ested  that  other  planned  tests  were  unnecessary.  A  summary  of  the  results 
of  tests  actually  conducted  is  shown  in  Tallies  I,  H,  and  IH. 

The  traffic  tests  were  conducted  to  simulate  actual  aircraft  traffic 
on  an  airfield.  A  load  cart  was  prepared  by  attaching  the  desired  number 
of  tires  of  a  given  size  and  spacing  to  an  axle  and  connecting  the  axle  to 
a  load  cart.  The  tires  were  inflated  to  the  inflation  pressure  specified 
by  the  test  plan,  and  the  cart  was  loaded  to  the  desired  test  load.  The 
load  cart  was  then  driven  back  and  forth  across  the  test  lane.  Traffic  on 
test  lanes  1  through  11A  was  evenly  distributed,  i.e.  all  points  in  the 
traffic  lane  received  the  same  amount  of  traffic.  However,  experience 
has  indicated  that  in  actual  operation  of  aircraft  the  center  portions  of 
a  runway  or  taxiway  receive  more  traffic  than  the  outer  edges,  and  the 
distribution  of  the  traffic  is  a  normal  statistical  distribution.  There¬ 
fore,  test  lanes  12  through  37  were  trafficked  using  the  normal  distribu¬ 
tion  in  order  to  better  simulate  an  actual  traffic  situation.  Guidelines 
placed  on  the  test  section  for  the  load  cart  to  follow  while  applying  traf¬ 
fic  were  spaced  to  allow  control  of  the  distribution  of  traffic  across  the 
traffic  lane. 


1 

■1 


Drawbar  Full  Tests  (DBP) 

DBP  measurements  (Table  IV)  were  taken  in  conjunction  with  the 
traffic  tests  and  were  obtained  before  traffic,  at  any  significant  point 
during  traffic,  and  at  failure.  These  tests  were  conducted  by  connecting 
a  lead  cell  between  the  power  unit  of  the  load  vehicle  and  the  load  box. 

A  typical  load  cell  hookup  is  shown  in  Figure  10.  The  DBP  force  was  mea¬ 
sured  as  the  power  unit  transmitted  force  to  the  load  box  through  the 
load  cell.  The  load  cell  was  equipped  with  strait  gages  that  fed  an 
electrical  signal  into  an  amplifier,  which  translated  the  strain  into 
pounds  force  and  transmitted  this  information  into  a  continuous  strip 
recorder  from  which  the  DBP  could  be  read  directly. 

DBP  measurements  obtained  from  related  studies  are  shown  in  Tab?. a  V . 
These  data  were  obtained  from  tests  conducted  by  the  Douglas  and  Boeing' 
aircraft  companies.  Two  types  of  data  were  provided  by  the  Douglas  com¬ 
pany.  One  set  of  data  was  obtained  during  traffic  tests  on  unsurfaced 
soil  and  K8  lauding  mat  by  connecting  a  load  cell  between  a  tractor  a ad. 
a  load  cart.  The  other  set  of  Douglas  data  and  the  Boeing  data  were 


r*rrrh irtrr 
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^  *ests  at  Harper’s  Dry  Lake  in  Califesnia 
airCrS^  a  tractor  ^assuring  the  ESP  fey  «se~o? 


"^enecessaiy  speed  testing,  soil  etibgrades  were  con- 
£lS?4a?/  s^engtli,  with  approxfeateiy  the  sasna  strength 

oivSi?65  *?*  t?sts*  018  ^«ed  tests  were  then  conducted  on  these 

loads  and  several  velocities,  as  shewn  in 
A  sinsi.g  wheel  with  a  given  tire  pressure  was  leaded  to  the 
designated  weight  and  then  towed  down  the  subgrads  at  a  designated 
velocity*  Each  test  consisted,  of  individual  passes  down  the  soil  subgrade 
wa12i  all  necessary  data  being  recorded  on  each  pass* 


SZCTXffi  I?:  E&XEORB  CRT2ES2A 


Jhe  failure  criteria  presented  below  were  used  to  judge  failure  of 
items  during  traffic  testing.  See  Appendix  II  for  definitions  of  terras. 

a.  Unsurfaced  items.  Failure  of  uasurfacsd  items  was  based  primarily 
On  permanent  deformation  or  rutting.  However,  elastic  deflection 
was  also  taken  into  consideration.  When  rutting  exceeded  a  3-in. 
depth,  an  item  was  judged  failed.  Failure  was  also  considered  to 
have  occurred  when  the  elastic  deflection  exceeded  1.5  in. 

b.  landing  mat.  Failure  of  the  mat-surfaced  items  was  judged  on 
the  basis  of  (l)  development  of  roughness,  Mid  (2)  excessive  mat 
breakage.  When  deviations  of  the  mat  surface  from  a  10- ft 
straight-edge  equaled  or  exceeded  3  in.  in  any  direction  within 
the  traffic  lane,  the  test  item  was  considered  failed  due  to 
roughness.  When  mat  breakage  developed  in  10  percent  or  more 
of  mat  panels  within  the  traffic  lane,  the  test  item  was 
considered  failed. 


sscncn  7 1  mzA  cmmzzxn 


Soil  Bata 


sorter  content,  density,  and  CEB  determinations  vsre  cade  prior  tn 
traffic,  et  intervals  daring  traffic  shea  a  change  in  strength  vss  indi¬ 
cated,  sad  at  the  point  of  failure  in  all  test  iters.  However,  when 
fteOnre  occurred  after  a  fev  passes,  only  the  erf  ore-traffic  data  vere 
obtained.  5Ms  was  done  because  the  tine-to-fai lore  lapse  vzs  not  suf¬ 
ficient  to  pezait  a  change  in  soil  characteristics.  Soil  tests  vere  rode 
a*  the  surface  of  the  soil  and  at  depths  of  6,  12,  snd  18  in.  Three 
tests  -sere  sale  st  each  depth.  3s  rated  strength  of  the  test  itens  was 
aornally  based  on  combined  effects  of  the  CBS  values  for  the  s surface  aid 
for  6-  scad  12-in.  depths  for  =11  date  obtained  before,  daring,  sx>L  at 
end  of  traffic.  Severer,  in  certain  instances,  extreme  or  irregular 
values  vere  ignored  when  the  analyst  decided  that  they  sere  not  properly 
representative.  fast  procedures  ani  techniques  for  these  soil  tests  are 
presented  in  KLLitaiy  Standard  KIL-S3D-621A.*8 

Coverages 

A  coverage  is  a  erasure  of  the  amount  of  traffic  applied  to  a  test 
item.  Coverages  vere  recorded  at  failure  of  a  test  item  and  at  any  tire 
that  significant  measurements  or  observations  vere  accomplished.  The  pro¬ 
cedures  for  applying  traffic  and  counting  coverages  for  any  test  lane  are 
presented  in  the  data  report  for  that  lane. 

Tire  Contact  Area 


The  tire  contact  area  is  an  average  contact  area  determined  by  ob¬ 
taining  a  tire  print  and  measuring  its  gross  area  by  use  of  a  planimetsr. 
.3512  tire  print  vas  obtained  by  rolling  the  loaded  tire  onto  a  piece  of 
heavy  paper  lying  on  s  hard  surface  and  spraying  paint  around  that  part 
of  the  tire  in  contact  with  the  paper.  The  paint  was  then  allowed  to  dry 
and  the  tire  was  rolled  away,  leaving  a  tire  print  outline  on  the  paper. 


Tire  Inflation  Pressure 


The  tire  inflation  pressure  is  the  gsge  pressure  to  which  a  tire  is 
inflated  prior  to  a  given  test.  Tire  inflation  pressure  was  checked  prior 
to  and  periodically  throughout  each  test,  and  maintained  constant  at  the 
specified  value  throughout  each  test. 
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Ere  Csrar-ct  .Vssszz. ra 


She  tire  ccc&sci  pressure  was  estergfraa  cy  Siri^irs  its  Iced  es  & 
tire  by  fea-  fisasrred  tire  confect  sxen. 

Erssbsr  Bill 


2&a  spceiSe  types  c?  dsts.  clttsirsd  frcn  tSrLe  test  were  {a)  affxtera 
itrce  recsired  firr  a  Iced  cart  to  cregateae  static  Iissriia  and  ccznsnce 
ferrazd  rarcagst  (isitffil  21?),  (b)  graragg  ferae  remised  to  rsirtsis  a 
esastsai  speed  ecce'  the  load  rsaicls  wss  is  action  (rolling  IS?),  sad 
{:)  ESadsra  feree  reamed  during  a  caastsat  speed  ran  fpaal  22?).  Sjpical 
cs^llcgr^a  rggggSLcgs  cf  2E?  are  feosu  in  figures  ’ll  fad  12.  Sts  initial 
EE?  wa Sts  ras  tbs'  ssodsrs  force  cbiaLbad  daring  b  series  -j?  start-stesp 
cg£rctig3  cn  fee  test  ifea  srd  ras  read  directly  £r@  fee  point 

cs  a  gr^S  as  indicated  in  figere  11.  The  rolling  US?  53S3  obtains!  ey 
drezias  a  lire  •Ssrcs^i  tie  graph  (figure  22),  feicih  ’aggrexissted  tbs 
srersge  Talas  of  tbs  readings  obtained  from  a  eensferri  speed  na  across 
■fee  i€3t  saefcisa.  Bcsk  E*?  taler,  to  be  fee  Talas  cf  fee  fci^esi  po^nt 
cn  fee  graph  (Hgzre  22).  Beal  EE?  was  cbtsirad  during  a  ccsstast  speed 
ran. 


Surface  Seristiczis  cn  Test  Sacticas 


2a:  surface  oeasareasta  obtained  daring  these  tests  vsre  ceforr&-> 
ticais  and  deflections. 


Beforsatlena 

The  Tsrioos  types  of  def cassation  caacuresesis  obtained  drying  these 
tests  were  persscent  deforastion,  differential  defarrsfcistj,  rutting,  and 
dishing.  SSs  perssfessi  defamation  zsasuressntf  a-«re  used  to  plot  cross 
sections  end  profiles  fci'  fee  various  it^no.  2is  differential  deformation 
is  a  bsaonre  of  fee  roughness  of  en  xtea  and  vas  used  in  deterniaing 
failure  o  Bitting  is  a  differential  deformation  rsasuressnt  but  is  appli¬ 
cable  to  only  css  rrt.  Msbiag  is  fee  i-sra  applied  to  the  ceasure  of  fee 
differential  -Isrorcatloa  ocaizrriag  across  fee  width  of  one  landing  sat 
jKzusl.  A  core  ccapleie  discussion  csi  illustrations  of  dsfoxsatloris  ob¬ 
tain^  and  procedures  for  making  fee  caasuressnts  ere  presented  in 
Appendix  H, 


seflecticns 

2xs  deflection  ©easmeasafe  obtained  during  these  tests  vere  total 
end  elastic  deflections.  Elastic  deflection  Esssurssgnis  vsr&  obtained  *00 
assiet  in  Judging  failure  of  sa  itea.  Total,  deflection  Etasuressnts  were 
Obtainsd  in  order  to  relate  elastic  deflect!, on  srd  psmsssnt  deformation 

1& 


St* 


\ 


M  |r*j 


since  psrESB sst  defcrssilsii  is  SLSSertnsjs  beSsrafe  *-*•*?, 1  g-^  elastic 
deSegfeics.  A  zero  carslete  disrzssisn  cf  deflections  diairsd  w~?7 
ctcesdcres  fcr  »5ss  szag: -r*=r-y*r- cs  is  presented  la  Arpsndix  XI. 


gas  Breaks 

£=s  break?  that  occsr  ss  a  remit  cf  trsffjskarg  a  Isndicg  as* 
itss  ccs  cf  several  different  Lyses;..  precis  bsre  bs as  cloasifisi 

for  t£c  is??  ^P&s  cf  tt*Ac  cc-cd  in  teds  ktnij-  end  ere  dimsssd  bales-. 


Xlse  ss*  creaks  that  ore: 
33  aai  classifies,  as  follccs: 


cn  ice  i21  ss*  are  ilirstrsted  <2  Frgrre 


3fp!  Ai  Creek  ©cczrrirg;  at  tee  and  cf  perel  oq  sale  side  cf 
cesier~li£»  splice  Joint - 

55ps  B;  Shear!  rg  cf  ssi  cccnecier  rivets  installed  cy  factary. 
Shis  l^pe  treat  is  called  a  rirgsot. 

■^pe  C:  Spo&r leg  cf  rivets  along  center-lire  splice  Joint. 

5&pe  B:  Shearing  of  drive  installed  in  field  dor.hg 

laying  operation. 

^rce  B:  Any  other  type  ri  fcresh  in  sat  surface  mt  dis-'russei 
above. 


*3  g&* 

2he  sst  tresis  that  occur  on  nee  >3  zst  are  13.  lastrated  in  Figures 
14  and  15  find  are  classified  as  foiled?-: 

Syps  A:  Break  occurring  cm  the  urderlegpirg  side  of  cat  panel 
*«*tveen  locking  la*  hole  sod  side  corrector  slot  oppo¬ 
site  the  Joint  of  adjacent  panel. 

2ype  B:  Break  occurring  through  the  curl  on  the  overlapping 
side  of  oat  pane.*,  at  the  end  Joint. 

diype  C:  Break  occurring  betssen  curl  on  the  crsrZappiag  side 
of  sat  psscl  eel  tubulated  hole. 

D:  "Break  frees.  Bid'*  connector  hole  to  tubulated  hole. 

Type  E:  Any  other  type/  of  cat  break  not  discussed  above. 


3C252S  71:  ASSESS 


■Exuroach 


He  ar&lyrf-s  of  data  collected  dnrixs  this  study  *sas  directed  toward 
the  deralcrnert  of  grccrii -flotation  requirements  for  aircraft  larding 
gears,.  3s  criteria  rsedad  fbr  designing  as  aircraft  larding  gear  con¬ 
sist  of  a  rctbcd  of  deterniniEg  the  number  of  tires,  tire  specings,  and 
tire  contact  area  or  tire  pressure  repaired  to  support  a  given  load  on 
an  airfield,  for  a  stated  -rather  of  coverages.  For  unsurfheed  soils,  these 
variables  have  been  related  through  the  development  of  a  nomograph  for 
sirgle-irhsel  loads,  and  n  1^-  adjustment  curve  for  r3itiple-*heel 
assemblies-  He  load-sdjarr  -t  curve  is  used  to  resolve  rmiltipie-vhoel 
assemblies  into  sr-  equivalent  single-wheel  load,  His  equivalent  single- 
iffieel  load  css  then  be  used  viit  the  aerograph  to  determine  strength 
requirements  for  unssrfaced  soils,  and  inversely  to  determine  the  relative 
flotation  capability  of  a  proposed  landing  gear  design  on  unimproved  sur¬ 
face^-  For  landing  sat,  these  variables  have  been  related  for  single 
wheels  by  use  of  en  "equivalent  thickness  concept"  and  a  "CBS  formula." 

In  erder  that  these  criteria  for  ssaltiple-vheel  assemblies  could  be  used, 
a  aeaas  vas"  developed  for  relating  mroltiple -wheel  -assembly  loads  to 
equivalent  single-wheal  loads.  This  equivalent  : ingla-vheel  load  could 
then  be  used  with  the  single-wheel  criteria  to  d£  sign  a  multiple-wheel 
gear  for  desired  flotation,  or  Inversely  to  determine  requirements  of 
a  cat-surfaced  airfield  to  seaport  the  intended  loading- 


Squi  valent  Thickness  Concert 


The  procedure  used  to  analyze  the  landing  ait  data  was  to  relate  the 
load-carrying  capabilities  of  the  cat  to  the  load- carrying  capabilities  of 
a  flexible  airfield  pavement .  This  was  done  by  a  jsissing  that  for  a  given 
landing  cat  failure  point  the  net  is  equivalent  in  strength  to  that  thick¬ 
ness  of  flexible  pavement  required  (as  indicated  by  the  CM  formula)  by 
the  conditions  causing  failure  of  the  mat.  This  follows  the  basic  pro¬ 
cedures  set  forth  in  analyzing  data  in  TR  Ho.  3-539 for  single-wheel 
loads,  in  order  to  use  this  criterion  for  multiple-wheel  loads,  a  means 
was  developed  for  relating  multiple-wheel  leads  to  equivalent  single-wheel 
loads. 


C2R  Formula 


To  determine  the  thickness  of  flexible  pavement  structure  required 
for  any  loading  condition,  the  following  formula  is  used: 

t  -  (0.23  log  C  ♦  0.15)  1 /ciffi-t 
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t  =  thickness  of  flexible  pavement  structure,  m. 

C  -  number  of  coverages 

P  =  single-wheel  or  equivalent  single -wheel  load,  lb 
CBR  -  soil  strength  measurement 
A  =  tire  contact  area,  sa  in. 

By  using  the  C3R  formula,  a  thickness  of  pavement  structure  ^ac  be 
calculated  vhich  will  provid®  the  sane  load-support  capability  for  each 
test  loading  and  subgrade  condition  as  did  the  landing  nr=,i.  tested.  For 
the  purposes  of  this  study,  this  thickness  is  termed  "equivalent  thickness" 
and  is  defined  as  an  index  of  the  strength  of  an  airfield  surfaced  with 
landing  sat.  In  keeping  with  this  definition,  ihe  symbol  "I"  is  sutsti- 
tuted  for  "t"  in  the  CBR  formula  as  shown  below . 


1  -  (0 log  0  +  0.15) 


/  P 
IW.icm 


This  index  of  the  airfield  surfacing  strength  is  referred  to  in  two 
different;  ways  in  this  report.  The  first  use  of  the  index,  I*  ,  is  to 
evaluate  and  express  the  available  strength  of  an  existing  mat-surfaced 
airfield.  The  second  use  of  the  index,  Ip  ,  is  to  evaluate  landing  gear 
designs  for  mat-surfaced  airfields  of  specific  design. 

The  CBB  formula  relates  all  the  variables  used  in  the  testing  program, 
as  well  as  the  variables  needed  in  designing  an  adequate  landing  gear. 


Normalizing  of  Data 


Although  comparable  test  items  were  prepared  the  same  in  an  attempt 
to  develop  identical  conditions,  it  was  inevitable  that  some  variation 
would  result. 


To  analyze  the  test  results,  therefore,  it  was  necessary  in  some 
cases  to  normalize  the  data.  That  is,  the  results  of  each  test,  expressed 
as  coverages  at  failure,  were  adjusted  to  show  the  coverages  which  would 
have  produced  failure  in  the  test  had  the  CBR  been  exactly  that  desired. 

In  one  instance  an  adjustment  of  coverages  was  made  to  compensate  for  a 
change  in  load.  This  normalizing  of  the  data  was  accomplished  by  entering 
the  CBR  formula  with  the  actual  test  conditions  and  det^: cining  an 
"equivalent  thickness."  Then,  using  +his  "equivalent  thickness"  and  a  CBR 
(or  ]oad)  adjusted  to  the  desired  value,  the  number  of  coverages  which 
could  be  expected  to  produce  failure,  at  this  CBR  (or  load)  was  ■■'omputed 
by  again  using  the  equation.  For  example,  consider  a  load  which  failed 
on  a  3.5-CER  subgrade  at  76  coverages  with  a  tire  contact  pressure  of 
100  psi,  and  is  to  be  normalized  to  a  4.0 -CBR  3ul0*ade.  The  equation 
would  be  as  follows; 


■sszfiaaea — a 


rr 


(0.^3  log  To  -r  0-15}  =  t  = 

{0.23  leg  Cj  ■?•  0-15)  -  xoos 

The  load  P  will  cancel  ecu  czf  the  ferrule..  end  solving  for  tbs  norsalized 
coverage  level  (Cj)  the  result  is  119  coverages.  Therefore,  a  lead  which 
askts  7^  coverages  on  a  3  -5*223  sabgrede  with  a  100-psi  tire  contact;  pres¬ 
sure  cea  be  spected  to  sake  119  coverages  on  a  m-CE3  sot  grade. 

Sizgls-Khesl  traffic  lasts  cn  Kr/iLfied 
Til  Al'jrdnd  Lar-lir.g  .Mat 

For  the  purpose  of  analysis,  the  basic  data  obtained  erring  testing 
on  SH  landing  sat  are  stsuarised  in  Table  I.  In  addition,  data,  nsec  in 
this  analysis  cut  obtained  daring  related  irrrestignsiens  are  also  shows  in 
Table  I.  Each  test  is  assigned  a  test  cmer  for  easy  reference. 

The  index  of  available  airfield- sari ac sg  strength  (L. )  was  calcu¬ 
lated  for  all  single- wheel  tests,  and  values  are  shove  in  Table  I  nrder 
the  column  celling  “ijs  for  Single  Kneels. "  In  develop  grtsmd-flotaticn 
criteria  for  single  wheels,  a  relation  was  needed  that  vocla  relate  tire 
contact  area  or  average  tire  contact  pressure,  CBS,  coverages,  and  load. 
Therefore,  Ij  ,  vhich  relates  these  factors,  -was  plotted  against  the  vheel 
load.  Using  this  type  of  plot,  the  aircraft  designer  can  design  a  single- 
wheel  landing  gear  when  the  load  that  the  gear  rust  carry  is  known. 

The  initial  data  plot  involved  the  200-psi  tire  pressure  data  and 
is  shown  in  Figure  l6.  A  curve  vas  drawn  through  the  data,  with  che 
general  shape  of  the  curve  being  based  somewhat  axon  prior  experience. 

Test  point  T25  vas  a  nonfailure,  indicating  that  the  point  would  oe  plotted 
higher  if  failure  had  occurred,  so  the  curve  vas  drawn  above  the  point  to 
better  approximate  failure.  The  curve  breaks  downward  as  the  loads  get 
very  large,  indicating  a  very  rapid  failure  core  related  to  the  sat 
characteristics  than  tc  the  sat-svhgrade  structure  at  these  loads. 

After  the  200-psl  curve  vas  established,  the  data  for  the  ICO-psi 
curve  were  plotted  (Figure  1?)  •  Only  tvo  single- wheel,  100-psi  points  '/ere 
obtained.  The  general  shape  and  slope  of  the  previously  established 
200 -pa i  curve  was  used  to  draw  the  100-psi  curve.  Bie  curve  vas  drawn 
through  test  point  T3  with  ■°ury  little  consideration  given  to  te^-c  T12 
because  the  traffic  in  nest  T12  was  nixed.  Six  hundred  coverages  of  a 
35-kip,  50-psi,  single-wheel  load  had  been  euplied  to  this  test  lien 
prior  to  the  application  of  60-kip  traffic, 

Only  one  single-wheel  test  was  conducted  using  50-psi  tire  pressure, 
and  it  was  a  nonfailure  point.  However ,  this  point  (Til)  was  plotted 
(Figure  17).  To  properly  establish  the  50 -pci  curve,  an  estimate  was 
made  of  the  test  point  location  if  failure  had  occurred.  To  do  this,  the 
previous  pattern  of  spacing  of  the  Ia  curves  shewn  in  HP  4-459^  was 
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U2sd.  A~  ratio  of  tbs  50-  &cd  2flO-psi  values  of  promises  as  esti- 
ideation  of  tbs  50-psi  point  in  this  investigation.  The  50- 
ps£  curve '^s  t§£a  drssa  through  tfea  estimated  point  using  the  general 
|b^js  tad  sXqpe  of  tbs  200-psi  carve. 

By  cross -plotting  tbe  three  curves  developed  in  this  investigation, 
s  fariljr  of  It  carves  was  drawn  for  the  TH  cat.  These  carves  are  shewn 
in  ngure  IS  sod  are  designated  for  rear-area  airfields  since  the  rear- 
area  airfield  is  defined  in  terns  of  the  SI  net. 

inslt dole  -hhezl  traffic  Tests  on  Modified. 


ai i«<im  Landing  Mat 


Ifalhiple-wbeel  tests  were  conducted  to  obtain  data  that  would  ©emit 
the  dsvelojcent  of  procedures  for  designing  snltinle-wheel  aircraft  land¬ 
ing  gears.  The  tests  conducted  and  data  collected  pemit  a  direct  com¬ 
parison  of  trafficking  with  single-  and  lmltipje-wheel  assemblies,  and 
remit  a  rtudy  of  the  effects  of  wheel  spacing  ca  the  performance  of  a 
multiple- wheel  assembly.  If  this  data  can  be  used  to  relate  naltipOLe- 
vhe-hl  data  to  single-wheel  fiats,  l.e.  resolve  mltigle-uhsel  loads  to 
equivalent  single-wheel  loads,  then  the  previously  developed  I4  curve? 
can  be  used  for  mltiple-vheel  gear  design.  lire  approach,  therefore,  was 
to  develop  procedures  for  resolving  raxltiple-wheel  loads  into  equivalent 
singii-vhael  loads  (EM).  An  equivalent  single-vrteel  load  can  be  ex¬ 
pressed  either  as  a  percentage  of  the  assembly  load,  or  as  a  percentage 
of  the  load  on  one  tire  of  the  assembly.  Ibis  study  expresses  the  TSStiL 
as  a  percentage  of  the  load  per  tire,  and  the  KTkL  will  always  be  greater 
than  the  load  per  tire. 

A  sum^ry  of  the  naltiple-wheel  test  data  on  211  landing  rat  is 
shown  in  Table  X.  Toe  data  vere  norsLlized  to  a  2-CB5  subgrade,  and  the 
resulting  coverage  values  are  shown  in  the  column  entitled  "Sbreaiized 
Coverages." 

The  initial  plot  for  the  mltiple-vheel  analysis  was  of  the  twin- 
find  single-taadea  assembly  data.  This  approach  would  provide  a  direct 
indication  of  the  effect  of  spacing  on  the  EM.  when  congaring  the  twin- 
wheel  data  to  wheel  lata,  f  g  re  19  .UiOvs  a  plot  tf  normalized 

coverages  versus  wheel  spacing  (in  radii)  for  test  points  14  to  f3.  These 
were  twin-  and  si^gle-tandea  tests  conducted  'using  35*000  lb  per  tire  and 
100-psi  tire  gra  'sure.  As  the  wheels  were  moved  farther  apart,  the  ESffL 
beesrs  less,  and  each  wheel  be^n  to  perform  03  an  individual  single  wise!. 
Therefore,  the  curve  beccses  horizontal  at  250  coverages,  which  is  the 
Sffibsr  of  coverages  (nonsfLiaed  to  a  2 -CBS  subgrade)  sustained  in  the 
.single-wheel  test  (test  point  13).  The  largest  BSKL  that  could  occur  for 
twin  whsala  woaH  be  twice  tbs  lead  per  tire.  This  would  occur  if  the  load 
ca  fee  sela  were  considered  to  be  all  one  wheel,  end  the  condition  pro¬ 
ducing  tMg  situation  (which  cannot  occur)  woold  bs  that  in  which  cro*  wheel 
is  ea  top  of  tbs  ether  or  where  the  center  to  center  (c-c)  spacing  is  sera. 
iiswsTor.  to  the  ocelots  coverages  versus  spacing  curve,  it  is 
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necessary  to  calculate  tbs  coverages  for  the  zero  spacing  point  using  the 
CBS  ftssala  and  to  dray  the  carve  is*  this  point  as  shewn  in  Figure  19. 

SMg  carve  relates  coverages  and  spacing.  She  objective  of  this  study  is 
to  relate  spacing  and  load  in  order  to  be  able  to  obtain  en  equivalent 
single-wheel  load  for  multiple  wheals .  Therefore,  a  companion.  plot  vag 
produced,  by  use  of  the  <3S  fonrnla,  which  related  coverages  and  lead  for 
single  wheels.  ?Ma  is  shorn  in  the  rigbt-tsnd  portion  of  Figure  19. 

To  obtain  an  ESK&-  it  is  necessary  to  determine  that  load  on  a 
single  tire  (vith  characteristics  equivalent  to  enr;  tire  of  the  assembly) 
»Mch  viil  produce  the  ease  effect  on  a  pavement  as  the  total  asserJo±j, 

The  ESSL  will  be  c^.aal  to  the  load  on  one  tire  of  the  assembly  plus  the 
additional  load  contributed  by  each  nearby  tire.  This  additional  load 
over  and  above  the  actual  load  per  tire  can  be  determined  from  Figure  19 
and  plotted  as  the  percentage  by  ■which  the  load  on  one  tire  of  the  assembly 
sast  be  increased  to  arrive  at  the  ESKL  representing  the  entire  assembly. 
This  percentage  is  shown  in  figure  20,  and  is  called  the  load-adjustment 
curve.  It  is  used  in  determining  an  ESHL  -when  the  spacing  between  the 
wheels,  in  radix,  is  known.  The  load  on  one  wheel  of  an  assembly  is 
adjusted  to  the  ESS  merely  by  increasing  the  one -wheel  load  by  the  per¬ 
centage  effect  frea  all  surrounding  wheels. 

Only  the  single-wheel  data  were  used  for  the  developments  in  Figure  17 
to  avoid  unknowns  which  night  exist  In  ESJtL  determinations .  With  a  naans 
of  determining  ESWL  an  established,  however,  it  becomes  possible  te  farther 
verify  the  Figure  1?  curves  by  using  the  suit iple-vhee i  test  results. 
Accordingly,  «n  equivalent  single-wheel  load  was  determined  for  each 
isaltiple-vheel  test,  end  Ia  was  calculated.  These  values  of  Ia  &Te 
shown  in  Table  I,  and  arc  plotted  in  Figure  21. 

Many  of  these  test  points  fall  directly  on  or  very  near  the  correspond 
ing  IA  curve,  indicating  that  the  load-adjustment  curve  works  for  these 
points."  However,  several  of  tb'  points  do  not  compare  favorably,  and  these 
ere  discussed  in  the  following  paragraphs. 

There  is  same  indication  that  the  load-adjustment  curve  may  vary 
with  load.  This  is  indicated  by  points  H  and  T2  for  the  200-psi  data  and 
T13  for  the  100-psi  data.  These  particular  tests  were  run  at  a  lead  other 
than  the  35-hip  l>,ad  used  to  develop  the  load-arjustsiint  car  re .  and  eaca 
one  fells  off  the  I\  curve. 

Test  points  T9  and  T10  fall  off  the  100-psi  curve  and  T15  falls  off 
the  >0-psi  crave;  howsver,  they  are  considered  sufficiently  close  to  pro¬ 
vide  an  adequate  check  of  the  load-adjustment  curve. 

Test  points  Jl8- and  TL9  are  representative  of  the  three -wheel  testa 
and  plat  considerably  above  the  100-psi  curve.  These  tests  produced  much 
better  results  than  expected.  The  reason  for  the  results  of  these  tests 
being  as  good  as  they  vot5  is  zzt  known.  Although  they  were  conducted  vith 
a  softer  tire  (2 k  ply)  than  ease  of  the  other  tests,  this  difference  in  ply 
rating  is  not  considered  sufficient  to  cause  the  differences  that  occurred. 


Test  point  220  falls  off  the  50-psi  curve.  However,  failure  in  test 
220  ve3  due  to  elastic  deflection  of  the  rat,  whereas  failure  in  the  other 
tests  vsa  dee  to  roughness .  Had  sufficient  traffic,  been  applied  to  produce 
greater  differential  defoliations,  the  data  point  would  have  fallen  on  or 
near  the  50 -X*.'!  curve. 

This  analysis  of  the  211  mult iple -vhe el  data  indicates  that  the 
criteria  as  developed  and  as  shown  in  Figures  18  and  20  can  he  used  for 
the  design  of  aircraft  landing  gears  required  to  operate  on  modified  HI 
landing  sat,  but  that  scsk  variation  of  the  load -adjustment  curve  with 
load  say  not  be  reflected  by  the  criteria. 

Traffic  Tests  on  1S8  Steel  Landing  Mat 

For  the  purpose  of  analysis,  the  basic  K8  landing  mat  traffic  data 
obtained  during  this  investigation  are  summarized  in  Table  II.  Bach  test 
is  assigned  a  test  number  for  easy  reference. 

The  existing  ground-flotation  criteria  for  K0  cat  contained  in  MF 
h-459^  for  single  wheels  are  based  on  a  wide  range  of  early  tests.  These 
criteria  are,  however,  known  to  be  scscvhai-  conservative  because  of  the 
procedures  used  in  determining  the  rated  CBR  for  each  test.  Also,  the  load- 
adjnstseat  curve  in  M?  k-h59  was  based  on  only  limited  indications  from 
previous  tests  that  the  effect  of  one  wheel  upon  another  was  zero  at 
approximately  f our- radii  spacing.  The  tests  on  2-58  mat  were,  therefore, 
to  be  conducted  for  updating  the  IA  curves,  and  for  developing  an  adequate 
load-adjustment  curve. 

Very  few  singit -wheel  tests  were  run  on  M8  mat  in  this  investigati on, 
and  these  were  not  sufficient  for  revising  the  1^  curves,  although  they 
indicate  that  a  revision  is  necessary. 

The  approach  to  the  K8  data  analysis  was  to  assume  that  the  load- 
adjustment  curve  developed  for  the  Tli  landing  mat  was  also  applicable  to 
K 8  mat.  This  load-adjustment  curve  and  the  CBR  formula  were  then  used  to 
develop  the  1^  curves.  The  equivalent  single-  reel  load  was  determined 
for  all  multiple-wheel  tests  and  is  shown  in  Table  II.  This  equivalent 
s ingle -wheel  load  was  substitute!  into  the  CBR  formula  for  the  correspond¬ 
ing  test  conditions  and  1^  was  calculated  (Table  II ).  These  I,  values 
along  with  the  single-wheel  valv.es  were  plotted  versus  the  single- 
wheel  or  equivalent  single-wheel  load  and  are  shown  in  Figure  22.  The  test 
points  plotted  are  50-  and  100-psi  data  and  define  a  pattern  of  performance . 
Curves  following  the  general  shape  and  slope  of  the  previously  developed 
Til  curves  were  then  drawn  through  these  points  (Figure  22). 

The  1a  curves,  as  drawn ,  pas3  through  or  near  most  of  the  test 
points,  indicating  that  the  load-adjustment  curve  developed  for  Til  land¬ 
ing  mat  can  be  used  for  these  M8  data  points.  However,  some  of  the  data 
points  fall  considerably  off  the  curves.  These  points  are  discussed  in 
the  following  paragraphs. 
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-  Test  point  HI  is  a  single-wheel  test  point  which  does  not  fall  on 
the.  Ii  _etar?e.  Sheie  seeng  to  be  no  reason  why  tbs  item  in  this  test 
failed~\mdsr  fewer  coverages  than  expected.  Since  most  of  the  data  points 
obtained  at  the  sacs  load  per  wheel  defined  en  curve ,  not  Each  ccn- 
"  'eiaeration  was  given  to  point  HI  in  drawing  the  curve. 

Tests  KL0  and  HI1  were  ran  at  wheel  loads  greater  than  35  hips  and 
indicate  that  the  load-adjustment  curve  asy  vary  with  lead.  This  also 
vss  indicated  in  the  Til  tests. 

Tests  80.6  and  kL?  are  the  three-wheel  gear  tests  and  resulted  in 
test  points  that  fall  considerably  off  the  100-psi  curve.  These 
tests  produced  better  results  than  all  other  comparable  tests,  and  a 
study  of  the  data  shows  no  specific  reason  why  these  tests  do  not  conform 
to  the  pattern  established  by  the  other  35-hip  wheel  load  tests. 

Test  point  K2Q  represents  ice  12-wheel  test  run  to  simulate  the  C-5A 
landing  gear.  This  point  plots  higher  than  the  100-psi  I&  curve  and  is 
also  a  nonfailure  point.  Test  points  which  plot  above  the  1^  curve 
indicate  that  the  use  of  the  criteria  as  developed  would  be  conservative. 


Test  point  M9  falls  below  the  50-psi  curve;  however,  it  is  a 
nortfailure  point.  Bad  this  test  been  continued  to  failure,  this  point 
would  be  plotted  higher.  Test  M12  was  a  rerun  of  test  M9  and  plots 
eva-rbly  on  the  IA  curve. 

Using  the  pattern  of  spacing  developed  in  MP  4-459 s'1'  the  50-  and  100- 
psi  curves  were  extrapolated  to  develop  a  200-psi  curve.  These  curves 
were  then  cross  plotted  and  a  family  of  I ft.  curves  was  developed  and  is 
shown  in  Figure  23.  These  curves  are  entitled  support-area  airfield  curves 
since  the  support-area  airfield  is  defined  in  terms  of  the  K8  mat. 

This  analysis  of  K8  data  indicates  that  the  criteria  as  developed 
and  as  shown  in  Figures  20  and  23  can  be  ur<ed  to. design  a  landing  gear 
for  an  aircraft  required  to  operate  on  an  MS  lan iing-nat- surfaced  airfield. 


Single-Wheel  Traffic  Testa  on  Unsurfaced  Soil 

The  results  of  the  single-wheel  traffic  tests  on  unsurfaced  soil 
are  summarized  in  Table  III.  Eight  single-wheel  loads  ranging  from  1  to 
cQ  kips  ware  used  during  the  ground- flotation  test  program.  Approximately 
4-0  percent  of  the  single-wheel  tests  were  conducted  with  a  25-kip  wheel 
load.  A  nomograph  (Figure  24)  which  incorporates  the  variables  of  tire 
pressure,  load,  CBS,  and  coverages  has  been  used  for  a  number  of  years 
to  detera.Juae  unsurf aced-scil  strength  requirements.  Therefore,  to  analyze 
the  single-wheel  tests  the  failure  data  were  plotted  on  the  nomograph  form. 
The  ground  contact  pressures  were  calculated  for  all  tests  and  were  used 
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exclusively  in  zcaMng  the  plots.  By  cross  plotting,  smoothing  operations, 
sad  taking  previous  work  into  account  (Figure  24  and  References  6  cad  7), 
a  complete  set  of  load  curves  was  derived  sad  is  shown  in  the  left-hand 
portion  of  Figure  25,  This  nomograph  is  presented  as  a  revision  to  the 
unsurfacec  requirements  as  given  in  the  nomograph  shown  in  Figure  24.  the 
relations  "between  test  data  and  the  finalized  load  curves  are  presented  in 
Figure  26.  All  single-wheel  load  failure  data  are  shown.  This  figure 
shows  that  generally  the  load  curves  ha/e  been  drawn  to  produce  a  conserva¬ 
tive  relation  in  terns  of  coverages.  Figures  27  and  28  are  plots  of  all 
25-  and  35-hip  single-wheel  load  data.  For  comparison  purposes,  curves 
obtained  from  the  nomograph  (Figure  25)  are  superimposed  on  these  figure 3. 

Multiple -Who el  Traffic  Tests  on  Us surfaced  Soil 

In  addition  to  results  of  single-wheel  traffic  tests,  Table  HI 
presents  a  summary  of  all  .multiple -wheel  tests  conducted  during  this  study.. 
The  majority  cf  the  multiple -wheel  tests  were  performed  using  a  100-psi 
tire  inflation  pressure  and  a  35-kip  wheel  load.  In  order  to  relate  these 
test  data  to  the  unsurfaced  nomograph,  which  was  developed  with  the  single¬ 
wheel  test  data,  the  relation  between  the  load  per  tire  end  the  tiie  spac¬ 
ing  of  the  multiple-wheel  assemblies  is  needed  in  order  to  resolve  the 
multiple -wheel  loads  into  equivalent  single-wheel  loads.  Figure  29  shows 
a  load-adjustment  curve  for  multiple -wheel  assemblies  that  has  been  in  use 
for  several  years.  This  curve  is  contained  in  reference  1  and  shows  that 
an  adjustment  is  required  when  the  adjacent  tires  of  a  multiple-wheel  as¬ 
sembly  are  spaced  less  than  four  equivalent  radii  center  to  center.  This 
curve,  which  was  used  to  determine  equivalent  single-wheel  loads  for  air¬ 
craft  operating  on  both  landing -mat-surfaced  and  unsurfaced  areas,  is 
bussed  on  a  very  limited  number  of  multiple -wheel  tests  on  landing  mat 
(Reference  7).  The  ground-flotation  tests  on  unsurfaced  soil  present  the 
firs'  opportunity  to  actually  develop  an  equivalent  single -wheel  load  re- 
lat3 >n  for  multiple -wheel  assemblies  operating  on  unsurfaced  areas. 

Since  the  bulk  of  the  ground-flotation  multiple-wheel  test  data  in¬ 
volved  the  use  of  35 -kip  wheel  loads  and  100-psi  tire  inflation  pressures, 
these  data  were  used  in  the  analysis  and  development  .of  a  load-adjustment 
curve  for  the  determination  of  equivalent  single-whe^l  loads.  After  the 
test  data  had  been  normalized  to  10  CHS,  a  plot  of  normalized  coverages 
versus  tire  spacing  was  made  and  is  shown  ii  the  left-hand  portion  of 
figure  30.  The  100-psi  criteria  as  obtained  £rc»  the  unsurfaced  nomograph 
(Figure  25)  were  u&ed  as  an  aid  in  drawing  the  curve.  The  upper  part  cf 
the  curve  was  d  awn  u>  extend  to  85  coverages,  which  represents  a  single - 
wheel  load  of  33  kips  (P)  that  was  obtained  from  the  nomograph.  The  lower 
part  of  the  curve  was  drawn  .0  4.9  coverages  s,s  obtained  from  the  nomograph 
and  represents  2P  or  66  kips.  The  load  curve,  right-hand  plot,  was  then 
drawn  with  intermediate  load  values  for  100-psi  tire  pressures  being 
obtained  by  use  of  the  nomograph.  These  two  curves  show  that  a  relation 
between  spacing  and  load  can  be  developed,  as  shown  in  Figure  31»  where 
load  is  expressed  as  a  percentage  .increase  in  load  per  tire.  The  value  P 
as  read  from  figure  30  would  be  zero  percent  increase,  and  the  value  2P 


23 


Vo’dld  be  100  percent  Increase.  This  curve,  called  the  load-adjustasnt 
'eurv©4  cea  b£ji2§5,  .to  determine  the  equivairstt  single-wheel  load  "by 

iny  tfe  effect  of  .one  wheel  upon  another  When  the  spacing  between 
the  wh2Slo;l  in. radii.,  is  Shown.  ' . - 

b<z  'shown  in  figure  30  seme  of  the  multiple-wheel  data  fit  the  carve 
as  fairly  wall;  however*  some  cl  the  data  do  not  fit  the  curve.  A 

general  discussion  of  all  multiple -wheel  data  is  contained  in  the  following 
paragraphs. 

Five  two-whael-assambly  tests  (1339  through  U43)  with  the  wheels 
abreast  and  one  two-wheel  test  (U44J  with  the  wheels  aligned  in  tandem  were 
conducted  during  this  investigation.  Figure.  30  shows  the  data  fresa  these 
tests  and  in  all  cases  represents  normalized  35-hip,  ICC— psi,  10-CBR  re¬ 
sults.  As  shewn  in  this  figure,  the  twin  spacing  varied  from  2.k  to  5*56 
radii.  She  spacing  on  tne  one  single -tandesi  test  was  5*56  radii. 

f3hen  these  data  are  compared  with  an  average  single-wheel  test  data 
point  (Figure  xO),  there  is  a  strong  indication  that  there  is  no  effecu 
the  second  wheel  of  the  twin  assembly  when  the  two  wheels  are  spaced  at 
least  4.2  radii  apart.  The  average  single-wheel  data  point  shown  is  an 
average  of  tests  1330  ard  U31. 

A. direct  comparison  can  be  cade  between  teBt  n43,  which  involved  a 
twin-wheel  assembly  with  twin  spacing  of  5*56  radii,  and  test  U44,  which 
involved  a  single -tandem  assembly  that  had  a  tandem  spacing  of  5.56  radii. 
Fean  Figure  30,  it  should  he  noted  that  for  the  seme  assembly  load,  tire 
pressure  and  spacing,  and  C33R,  the  single-tandem  configuration  produced 
twice  as  many  coverages  ac  the  twin-wheel  configuration.  This  would  indi¬ 
cate  thab  for  the  two-wheel  asse  -bly  it  is  more  beneficial  to  arrange  the 
wheels  in  tandem  than  abreast  from  the  soil  load  standpoint.  Although  not 
as  pronounced,  this  seme  trend  is  evident  in  the  test  results  obtained  from 
comparable  twin-tandem  (U48)  and  twin-twin  assembly  (b ,7)  tests  (see 
Figure  30)* 

Tests  1A5  sad  Uh6  were  performed  using  three  wheels  abreast  with  each 
wheel  loaded  to  35  hips  and  tires  inflated  vo  100  pel.  From  Figure  JC^ 
which  presents  data  normalized  to  10  CBR,  it  should  be  noted  that  by  in¬ 
creasing  the  c enter -to-center  tire  spacing  of  the  three  wheels  from  2.6 
to  3*2  radii,  coverages  at  failure  increased  from  22  to  50.  The  increase 
in  coverages  is  as  would  be  expected.  Also  sl^wn  In  Figure  30  are  tests 
U30  and  TJ3I,  which  ere  single-wheel  tests  that  have  been  averaged  and 
normalized  to  give  the  indicated  average  single-wheel  test  point  that 
is  plotted  at  zero  spacing  and  55  coverages.  When  this  point  is  compared 
with  the  three-wheel  ‘.eats,  it  can  be  seen  that  the  single  wheel  is  not 
as  severe  as  the  three  wheels  spaced  at  2.6  radii,  but  the  single-  and 
three-wheel  test  results  are  approximately  the  sane  whan  the  three  wheels 
are  spaced  3*2  radii  tpart .  This  is  an  indication  that  the  effect  of 
adjacent  wheels  on  the  load  on  one  wheel  of  the  assembly  xs  negligible 
whsa  the  adjacent  wheels  are  spaced  approximately  3-2  radii  apart.  The 
analysis  of  the  100-psi,  12-wheel  tests  (3.3-redii  spacing/  discussed 
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subsequently  can  also  lead  this  same  conclusion.  However,  it  is  be¬ 
lieved  that  this  tread  is  not  sufficiently  developed  to  warrant  changing 
the  approach  used  to  develop  the  load-adjustment  curve  discussed  previously 
and  shown  in  Figure  31* 

A  further  comparison  can  be  made  between  the  three-wheel  assembly 
teste  and  tests  U39  end  I&O,  which  involved  twin-wheel  assemblies.  Fig¬ 
ure  30  shows  that  when  the  wheel  spacing  is  about  2.6  radii,  the  twin-  and 
three-wheel  test  results  are  approximately  the  same.  However,  when  the 
Wheel  spacing  va3  about  3.2  radii,  *  he  three-vh&ei  test,  which  produced  ap¬ 
proximately  the  ssne  number  of  coverages  as  the  single-wheel  tests,  pro¬ 
duced  significantly  more  coverages  than  the  twin-wheel  test .  There  is  no 
apparent  reason  for  this  last  fir-ii.'\g. 

Two  tests  with  four-wheel  asoeablies  were  performed  during  this  study. 
Test  U48  was  a  tvtn-taadsr.  test  ( tiro  sets  of  twin  wheels  aligned  in  tandem), 
and  test  was  a  twin-tirin-assenbly  test  that  involved  two  sets  of  twin 
wheels  aligned  abreast.  Figure  30  shows  that  a  single  wheel  with  the  seme 
tire  pressure  and  load  as  one  wheel  of  the  four-wheel  assemblies  produced  a 
greater  number  of  coverages  than  either  the  twin-tandem  or  twin-twin  as¬ 
semblies.  It  also  shows  that  although  the  twin- tandem  configuration  pro¬ 
duced  slightly  more  coverage's  than  the  twin-twin  gear,  for  ell  practical 
purposes  the  action  of  the  two  different  types  of  configurations  is  about 
the  same.  Thus,  from  these  four-wheel  tests,  there  is  no  indication  of  a 
distinct  advantage  of  one  type  of  gear  over  the  other. 

Several  tests  were  performed  with  a  12-vheei  assembly  {h  abreast, 

3  in  line)  to  simulate  the  C-5A  aircraft  landing  gear.  These  tests  are 
cat  shown  in  Figure  30  for  comparative  purposes  due  to  differences  in  load 
per  tire.  Therefore,  several  additional  plots  were  made  to  provide  an 
analysis  of  the  12-wheel  tests  and  are  discussed  below. 

Tf-elvc -'wheel  Traffic  Tests  on  Ungur faced  Soil 

Table  III  iKsmacizes  all  12-wheel  traffic  test  data.  A  21-kip  wheel 
load  was  used  in  fell  tests  except  test  U63  which  had  a  22,750-1.  wheel  load.. 
AH  tests  were  conducted  using  a  20.00-20/22  pi’  tire  inflated  to  either  a 
100-  or  55-psi  tire  pressure.  To  analyze  these  t^sts,  a  plot  of  rated  CBR 
versus  coverages  at  failure  is  shown  in  Figure  32.  This  figure  indicates 
that  except  for  test  056  which  is  suspect,  the  12-wheel  tests  produced  con¬ 
sistent  straight-line  results.  Test  U56  is  suspect  because  while  this  test 
was  being  conducted,  a  variation  in  tire  pressure  from  50  to  JO  psi  was 
discovered.  This  finding  placed  the  test  in  doubt  end  resulted  in  the 
decision  to  rerun  the  entire  test ,  and  subsequently  test  lane  3^  was  tested. 

Single-wheel  tests  U12,  U13,  and  Ul4  were  performed  to  obtain  test 
data  that  could  be  compared  with  that  from  12-wheel  tests  UoQ,  U6l,  and 
H62.  Figure  33,  presenting  this  es^arieoa,  is  a  plot  of  rsfeed  CBR  versus 
coverages  at  failure  for  the  £l-hip,  LOQ-psi,  single-wheel  load  tests  and 
the  100-psi,  12-wheel  toot  t ach  wheel  loaded  to  21  kips.  This 


figure  shows  that  thsre  is  very  little  difference  between  the  single-wheel 
asd  tbs  12-whael  test  results  for  rated  CER  values  of  approximately  4  and  6 
(tests  1312,  t&3,  UcO,  and  V/6x).  It  would  appear  frca  Figure  33  that  the 
22-wheel  gear  would  allow  mere  coverages  than  the  single  wheel  for  a  given 
CBS.  However j  for  sill  practical  purposes,  the  coverages  are  identical. 

This  indicates  that  for  this  particular  12-wheel  gear  arrangement  (3«3x 
3,8x3. 3  radii  spacing)  the  equivalent  single -wheel  load  for  the  gear  would 
be  equal  to  the  load  on  one  wheel  and  that  there  is  no  effect  of  the 
adjacent  wheels  on  the  load  on  one  wheel  of  the  assembly.  The  load- 
adjustment  curve,  therefore,  would  not  give  adequate  results  for  the  12- 
wheel  tests  use!  in  this  program  because  it  shows  some  influence  of  ad¬ 
jacent  wheels  and  would  result  in  an  equivalent  single -wheel  load  greater 
than  the  load  on  one  wheel.  Use  of  the  nomograph  and  the  load-adjustment 
curve  for  all  12-wheel  tests  conducted  on  unsurfaced  soils  produces  con¬ 
servative  results  when  comparing  predicted  coverages  with  actual  coverages. 
This  conservatism  varies  among  tests,  but  in  general  the  nomograph  pre¬ 
dicts  about  one -third  as  many  coverages  as  the  actual  12 -wheel  test  data 
indicate . 

Although  the  criteria  as  developed  do  not  directly  reflect  behavior 
for  12-wheel  gear  assemblies,  they  are  considered  applicable  because  of 
the  unknown  effects  of  turning  end  braking  on  unsurfaced  soils. 

Drawbar  Pull  Data 

The  results  of  the  drawbar  pull  (DBP)  tests  were  used  to  gain  an 
indication  of  the  landing  gear  rolling  resistance  as  a  function  of  landing 
surface.  The  DEP  data  obtained  in  this  study  are  presented  in  Table  IV  as 
drawbar  pull  measurements.  Data  used  in  this  analysis  but  obtained  from 
other  sources  are  presented  iu  Table  V.  Use  of  the  term  "rolling  resis¬ 
tance"  in  this  report  refers  to  drawbar  pull. 

To  relate  DBP  and  landing  surface,  the  DEP  data  were  expressed  as 
a  percentage  of  gross  load  and  plotted  versus  average  CBR  at  time  of  test 
divided  by  tire  contact  pressure  fer  landing -mat -surfaced  and  un surfaced 
soils  These  were  the  primary  variables  affecting  test  results.  The  data 
for  un surfaced  soils  are  shown  in  Figure  34  for  initial  DBP,  Figure  35 
for  average  rolling  DBP,  and  Figure  36  for  peak  DEP.  After  plotting  the 
data,  a  limiting  curve  was  drawn  on  each  figure.  The  data  were  grouped 
because  most  of  the  data  were  obtained  over  a  snail  range  of  CER's.  The 
use  of  the  curves  as  drawn  would  result  in  safe  or  conservative  drawbar 
pull  determinations.  The  wide  scatter  of  the  data  within  the  CBR  range 
indicates  that  perhaps  more  factors  influence  the  rolling  resistance  than 
were  measured.  These  curves  may  be  used  to  estimate  a  limiting  rolling 
resistance  value  that  can  be  expected  to  occur  on  a  landing  surface  with  a 
given  subgrode  CER  value. 

The  BBP  data  obtained  on  landing  mat  are  shown  in  Figure  37  for  ini¬ 
tial  BE?,  Figure  38  for  ever  age  rolling  DEP,  and  Figure  39  for  peak  DHP. 
These  data  were  all  clustered  within  a  small  CM  range,  and  no  attempt  was 
made  to  drew  a  limiting  curve. 
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She  ojjeefeiva  of  tbi  spees>  tests  was  to  obtain  a  relation  bstwesi 
velocity  aa'i  rolling  ?esi  stones  red  to  use  the  principles  of  cede  eodel- 
its  is  pl%fgigg  the  tests  so  that  the  res&tts  could  be  expended  to  proto¬ 
type  eerdi'eions.  She  tects  which  were  contacts!  in  the  £23  facility 
vsre  pich.v£d  fM  scaled,  end  &_cu=ssry  of  the  .test  results  is  abosn  in 
'Table  7J,, 

Since  the  objective  of  this  test  progrsa  vsa  to  develop  a  relation 
between  folding 'resistance  and  velocity,  these  variables  vere  plotted  and 
care  shosn  in  Figure  ^0.  The  rolling  resistance  is  shDim  as  a  ratio  of  the 
rolling  resistance  ia  pounds  to  the  veight  on  the  vheel  in  ponds.  A  curve 
was  then  drawn  through  the  points  plotted.  As  the  velocity  increased,  the 
data  Became  scattered,  probably  becease  of  vheel  bounce  that  occurred  as 
the  sheet  rr>ved  down  the  soil  subgrade  and  the  resulting  effect  of  inerfciv'CL 
forces  acting  on  the  load  cell.  Although  a  curve  can  be  drawn  through 
tfis  points  as  plotted,  the  use  of  this  curve  is  Halted  to  the  range  of 
velocities  for  which  tests  vere  run.  By  plotting  the  results  of  the 
scaled  tests  as  dincssionlese  gnerrtities,  it  was  snfcidpsted  that  a  curve 
would  be  developed  that  could  be  used  in  determine  the  rolling  resxEtsncc 
for  a  vide  range  of  tire  sizes,  veight s,  and  velocities.  Bowsver,  several 
plots  vere  issde  using  the  scaled  terras  and  velocity,  and  these  produced 
only  a  vide  scatter  of  data,  as  shown  in  a  typical  plot  in  Figure  4l.  The 
results  did  not  produce  successful  scaling.  However,  recent  tests  con¬ 
ducted  in  a  related  study  using  powered  wheels  and  aore  experience  .with 
this  type  of  study  have  produced  good  results  using  the  principles  of 
scaling.  The  Indications,  therefore,  a re  thst-  these  tests  should  be  rerun 
in  the  light  of  recent  findings. 

Comparison  of  Tire  Inflation  Pressure 
and  tlround  Contact^  Pressure  ^ 


Table  III  includes  a  susnary  of  tire  inflation  pressures  used  during 
these  tests  and  the  corresponding  computed  ground  contact  pressures.  Fig¬ 
ure  h£  is  a  plot  of  these  data  and  also  includes  data  from  tests  previously 
conducted  end  reported  in  Reference  7.  It  can  be  seen  that  up  to  ICO  psi 
the  ground  contact  pressure  is  appro  zcLmstely  10  percent  greater  than  the 
tire  inflation  pressure.  At  some  point  between  100  and  200  psi  the  reverse 
becomes  true,  and  from  £00  to  $00  psi  the  tire  inflation  pressure  is  .up  to 
15  percent  greater  than  the  ground  contact  pressure.  The  point  where 
inflation  add  ground  contact  pressures  axe  equal  ia  difficult  to  define; 
however,  it  would  appear  to  be  at  approximately  130  psi.  Any  effect  of 
tire  size  and  ply  rating  on  ground  contact  pressure  could  not  be  determined. 

Tire  Ply  Testa 


A  few  eirgle-wheol  lord  tests  on  unsurfaced  sells  were  conducted 


ar 


specifically  to  deiersine  the  relation  between  tire  char  act  eristics  as 
reflected  by  ply  rating  and  coverages.  These  tests  ere  sissaarized  as 
follows. 


Test 

Us. 

Single -> 

-  Shsel 
load 
kips 

Infla¬ 

tion 

Pressure 

.psi  . 

Crcual 

(kSmtCt 

Pressure 

psi 

U30 

35 

ICO 

110 

032 

35 

ICO 

1 12 

033 

35 

100 

112 

029 

35 

100 

110 

031 

35 

100 

no 

Ed.  ot 
Cover¬ 
ages 


Rated 

at 

Tire 

Tire 

CBR 

Failure 

Ply. 

Size 

9-5 

60 

24 

56x16 

6-7 

4 

38 

56x16 

9.2 

16 

38 

56x16 

6-7 

10 

24 

56x16 

n.o 

50 

24 

56x1.6 

These  tests  vere  performed  with  a  35-kip  single-wheel  load  on  a  56x16 
tire  inflated  to  100  psi.  Tire  ply  ratings  of  24  and  38  vere  used. 
These  tests  can  he  divided  into  two  groups  and  analyzed  as  follows. 
Tests  U32  and  U2Q  offer  a  direct  comparison  of  the  effect  ef  changing 
from  38  to  2h  ply  as  all  test  variables  except  the  ply  rating  were  the 
ssne  for  both  tests.  These  two  tests  indicate  that  by  decreasing  the 
ply  from  38  to  2k  the  coverages  increase  from  4  to  10  or  hy  a  factor 
of  2.5.  Except  for  rated  CBS  values  and  coverages  at  failure,  tests 
030  and  U3I  are  duplicate  24-ply  tests.  By  averaging  these  two  tests 
a  CER  of  10.25  and  55  coverages  are  obtained.  By  normalizing  the 
rated  CBS  (9*2)  of  test  U33,  which  was  a  38-ply  test,  to  10.25  CBR, 
a  coverage  level  cf  23  is  obtained.  This  can  then  he  directly  com¬ 
pared  with  the  55  coverages,  and  a  ratio  of  2.4  i3  obtained.  Thus, 
from  these  two  groups  of  tests  performed  to  determine  the  relation 
between  coverages  and  ply  rating,  it  can  be  concluded  that  by  de¬ 
creasing  the  ply  rating  from  38  to  24,  coverages  increase  by  a  factor 
of  2.5. 

Therefore,  the  tests  conducted  to  study  the  relations  between 
tire  ply  and  coverages  indicate  that  this  relation  changes  with  the 
load  on  the  tire. 

Tire  Size  Tests 

Traffic  test  data  used  to  investigate  the  effects  of  tire  size 
on  flotation  are  shown  in  the  following  tabulation. 


Test 

Single- 

Vheel 

load 

Infla¬ 

tion 

Pres¬ 

sure 

Srsusd 

Con¬ 

tact 

Trea¬ 

sure 

‘Tire  Size 
and  Ply 

Tire 

Diam¬ 

eter 

Rated 

Cover¬ 

ages 

at 

Fail- 

Cover¬ 
ages  at 
Failure 
Formal¬ 
ized  to 
8.5  CBR 
and 

go. 

kips 

p3i 

.  psi 

Rating 

in. 

CBR 

tire 

25,000  lb 

35 

100 

no 

56x16/24 

56 

9*5 

60 

107 

£5 

100 

103 

56x16/22 

56 

9*1 

70 

54 

U20 

25 

100 

no 

25.OO-  S/30 

70 

7*8 

200 

290 

1124 

25 

100 

100 

17.00-  >/l2 

45 

7*8 

100 

142 

rai 

io 

•V 

100 

n6 

34x9. 5  14 

34 

8.5 

32 

17 

033 

35 

1.00 

n2 

56x16/38 

56 

9.2 

16 

27 

Gl4 

21 

100 

84 

20.00-20/22 

56 

7*5 

4o 

39 

Tires  of  five  different  sizes  vert  used,  inflated  to  ICO  psi,  and 
loaded  as  shown.  The  data  have  been  normalized  to  2p,0Q0  lb  and  8.5  CBS. 
The  data  indicate  that  coverages  increase  with  an  increase  in  tire  diam¬ 
eter,  and  thus,  for  a  given  tixe  diameter,  coverages  increase  with  a 
reduction  in  ply  rating.  Test  Ul4  does  not  compare  favorably  with  tests 
U50,  ”21,  and  U33.  The  reason  for  this  is  not  apparent  from  the  data. 

Tire  Pressure  TeBts 

Results  cf  tests  performed  on  unsurfaced  soils  to  investigate  the 
effects  of  different  tire  pressures  are  summarized  in  the  following 
tabulation . 


Test 

No. 

Single- 

Wheel 

Load 

kips 

Infla¬ 

tion 

Pres¬ 

sure 

psi 

Ground 

Contact 

Pres¬ 

sure 

psi 

Rated 

CBR 

Cover 

ages 

Cover¬ 
ages  at 
Failure 
Normal¬ 
ized  to 

5  CBR 

Remarks 

U15 

25 

25 

& 

3-9 

200 

Nonfailure 

U17 

25 

60 

63 

4.6 

30 

40 

Ul6 

25 

40 

49 

4.7 

150 

207 

Ul8 

25 

80 

82 

5*0 

20 

20 

U19 

25 

100 

100 

3*9 

3 

4-1/2 

Traffic  of  a  25-kip  single-wheel  load  on  a  25.00-28,  30-ply  tire  was 
applied  to  test  lanes  having  approximately  the  same  rated  CBR.  Rive  dif¬ 
ferent  inflation  pressures  ranging  from  25  to  100  psi  were  used  in  these 
tests.  Figure  ’+3  is  a  plot  of  coverages  versus  ground  contact  pressure 
and' shows  test  data  that  have  been  normalized  to  5  C.3R.  As  would  be 


expected,  _tb®  test  Sets  shoe  that  by  decreasing  the  tire  pressure.,  3  rob- 
gtsskisX  increase  in  coverage 3  csa  be  obtained.  Also  ehoun  in  figare  43 
is  tbs.  coverages  Marcus  tire  pressure  relation  for  a  25-hi.p  single-vhasl 
load  (test  data  nsra alined  to  5  £23)  as  obtained  frCa  tbs  aosarfaced 
nersgreph  (figare  2p}»  ?or  these  pacticalar  tests  the  ncsOgr^Jh  egress 
vith  test  data  for  tbs  lever  tire  pressures  end  is  slightly  eonservsti-re 
for -tbs  upper  tiro  pressor e  range  (80-100  p&L). 
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SSSSKaVKi  *35  <g  CH1TSHIA 
ggalxEfcigi  Pr&gg&gc? 

"■s 

The  criteria  presented  herein  ssy  be  used  to  detersd  ns  grcund- 
flotatios  requirements  for  single-  and  multiple -wheel  landing  -.car  assen- 
_  bile 3,  Sit.  use  of  tot.  criteria  is  ea  evaluation  rather  than  ~  design 
procedure.  Shgfc  is,  a  gea.  is  proposed  for  a  given  set  of  conditions 
and  then  checked  to  determine  if  it  will  be  satisfactory  fcr  those  con¬ 
ditions.  Tor  operation  on  landing  rat,  an  Ig  value  is  calculated  using 
its  CB3  fonmla  and  compared  with  an  value  read  from  Figure  IS  or 
23.  If  toe  Ig  is  equal  to  or  less  than  toe  IA  ,  toe  nn posed  gear  is 
capable  of  performing  the  specified  mission.  For  operation  on  unsurfaced 
soil,  the  unsurfaced  nccagraph  is  entered  with  the  characteristics  of  the 
proposed  gtir,  and  its  capabilities  in  terns  of  toyp-'&ges  or  CBS  are  read 
from  the  iKSsr graph.  B is  capabilities  are  then  compared  with  toe  stated 
requirements  to  determine  if  the  proposed  gear  is  capable  cf  performing 
the  stated  mission .  Examples  of  the  use  of  toe  criteria  are  as  follows. 


Typical  Examples 


Example  1 

Required.  Design  a  landing  gear  for  an  aircraft  with  a  grosa  weight 
of  33,5-00  lb  and  a  main  gear  load  of  37,500  lb  that  will  operate  for  1000 
coverages  on  a  4-CER  subgrade  surfaced  with  Oil  landing  mat. 

Proposed.  A  single -wheel  landing  gear  with  a  tire  inflation  pres  • 
sure  of  125  psi. 

Solution,  To  determine  if  the  proposed  landing  gear  will  satisfy 
the  stated  requirements,  it  is  first  necessary  to  calculate  Ir  . 


h  *  <0>23  l0S  0  + 

h  -  <0-23  102  1000  +  "  S*22 


3^  a  27.4 

is  then  compared  with  which  is  read  from  figure  18  and  is 
equal  to  27.6,  Shis  comparison  shows  that  %  is  slightly  less  than 
j  therefore,  the  aircraft  landing  gear  proposed  is  sufficient  to  per¬ 
form  the  stated  mission. 
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in  i  n  m  mm**. _ 

' "  garnired*  Design  &  2 asdics  gsor  f>Jr  an  aircraft  with  a  gross  weight 
2^X/>50rS'  and  a  ala  gear  io*d  of  153 3 500  m  xhnfc  *<dll  operate  for 
2 <33  cnrarages  cm  a  4-323  saSgradft  csrfaced  vita  211  landing  mat. 

Srgtg-sad*  A  tein-tsaasa  landing  gear  assembly  with  tire  spadngs  of 
hi  try  STis, ,  a  tire  contact  area  of  265  sq  in*,  and  a  tire  pressure  of 

150  psi/' 


Solution*  So  determine  if  tbe  proposed  landing  gear  will  satisfy 
the  stated  requirements,  it  is  necessary  to  determine  the  equivalent 
Sitigle-whssl  load.  Shis  is  done  by  first  calculating  the  equivalent 
radius  as  follows: 


r 


ijconl 
“ - 


'Contact  Area 


« 


9.10  in. 


Shea  calculate  tire  spacings  in  terns  of  the  equivalent  radius: 


Tvi n  Spacing  =  =  4.50  radii 
Tandem  Spacing  -  ~  6.59  radii 
Diagonal  Spacing  -  qTxjyjjjT'"  =  7-99  radii 


From  Figure  20,  the  increase  in  the  load  per  tire  due  to  the  ad¬ 
jacent  tires  is  determined.  The  tires  axe  symmetrical  around  the  center 
of  the  assembly,  so  that  any  of  the  tires  may  be  chosen  as  the  critical 
tire.  For  this  example,  wheel  1  was  chosen.  The  influence  of  the  other 
tir^c  is  ap  follows: 
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Ts^ssl  2  at  4.50  radii  spacing  = 
Wheel  3  at  6.59  radii  spacing  - 
Wheel  4  at  7*99  radii  spacing  = 

Total 


15*7  percent 
0.0  percent 
0.0  percent 
15*7  percent 


Exerefore,  the  ESWL  is  1.157  x  38,375  =  44,400  lb;  is  then 
calculate!  as  follows: 


h  -  (0'«  ^  0  +  c-15)  i-STTo m  -  t 

ig  =  (0.23  log  200  +  0.15) 
ip.  *  a!l-4 


Ip  must  then  be  compared  with  which  is  read  from  Figure  18  and 
is  equal  to  24.5.  This  comparison  shows  that  IR  is  slightly  2  ess  than 
I*  ;  therefore,  the  aircraft  landing  gear  proposed  is  sufficient  to  per¬ 
form  the  stated  mission. 


Example  3 

Required „  Design  a  landing  gear  for  an  aircraft  with  a  gross  weight 
of  55,500  lb  and  a  main  gear  load  of  25,0C0  lb  that  will  operate  for  175 
coverages  on  an  unsurfaced  6-CBR  subgrade. 

Proposed.  A  single-wheel  landing  gear  assembly  with  a  tire  pressure 
of  60  psi. 

Solution.  To  determine  ±f  the  proposed  gear  vill  satisfy  the  stated 
requirements ,  it,  is  necessary  to  enter  the  nomograph  (Figure  25)  with  the 
given  wheel  load,  tire  pressure,  and  coverage  level  and  read  the  CBR  re¬ 
quired  to  perform  the  desired  operation.  The  CBR  value  read  for  this  ex¬ 
ample  is  6;  therefore,  the  proposed  gear  is  capable  of  performing  the 
desired  mission. 


Example  4 

Required.  Design  a  landing  gear  for  an  aircraft  with-  a  gross  weight 
of  250,000  lb  and  a  main  gear  load  of  112,000  lb  that  will  operate  for 
100  coverages  on  an  unsurfaced  10-CBR  subgrade. 
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A  twin-twin  landing  "gear  assembly  with  tire  spacings 
tire  contact  area  of  295  aq  in.,  and  a  tire  pressure  of 

95  P3i* 


Solution «  To  determine  if  the  proposed  landing  gear  will  satisfy 
the  stated  requirements,  it  is  necessary  to  determine  the  equivalent 
single-wheel  load.  Eds  is  accomplished  by  first  calculating  the  equiva¬ 
lent  radius  as  follows: 

Sg-Asi*  yifL  9.69  in. 

Then  calculate  the  distance  from  wheel  2  to  the  other  wheels.  If 
the  critical  wheel  for  an  assembly  is  not  known,  all  wheels  must  be 
checked. 

Wheel  2  to  wheel  1  =  =  4.02  radii 

|tO 

Wheel  2  to  wheel  3  =  g-gg  =  4.44  radii 

Qo 

Wheel  2  to  wheel  4  =  “  3. 46  radii 

From  Figure  31  the  increase  in  tne  load  per  tire  due  to  the  adja¬ 
cent  tires  is  determined.  This  increase  is  as  follows: 

Wheel  1  at  4.02  radii  spacing  =17.0  percent 
Wheel  3  at  4.44  radii  spacing  =  7.5  percent 
Wheel  4  at  8.46  radii  spacing  =  0.0  percent 

Total  24.5  percent 


Therefore,  the  ESWL  is  1.245  X  28,000  lb  =  34,860  lb.  Using  this 
ESWL,  enter  the  nomograph  (Figure  25)  with  the  tire  pressure  and  coverage 
level  desired  and  read  the  CBR  required  to  perform  the  desired  operation. 
This  GBR  value  for  this  errnple  is  10;  therefore,  the  proposed  gear  is 
eatable  of  performing  the  desired  mission. 
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Conclusions 

Eased  on  the  results  of  the  study  describe::-  herein,  the  following 
conclusions  are  drawn; 

a.  Single-wheel  or  equivalent  single -wheel  loads  can  be  related  to 

~  tine  pressure  in  terms  of  an  index  of  available  airfield  sur¬ 
facing  strengths  (Ia)  for  HI  and  VB  landing  mats.  As  indicated 
in  figures  lo  and  23,  Ia  increases  with  load  untJLs  failure 
becomes  sore  related  to  the  characteristics  of  the  mat  than  to 
the  subgrade  structure.  At  this  point,  %  decreases  as  the 
load  is  increased.  IA  also  increases  as  the  tire  pressure 
decreases. 

b.  Multiple-wheel  loads  operat-inf;  on  landing  mats  can  be  resolved 

~  into  equivalent  single-wheel  loads  by  relating  spacing  and  per¬ 
cent  increase  in  single -wheel  load  for  each  adjacent  wheel, 
figure  20  presents  this  relation;  ana  shows  that  the  percent 
increase  changes  very  rapidly  between  3  and  5  radii,  and  becomes 
zero  at  5.5  radii.  Ths  equivalent  single-wheel  load  can  be 
applied  to  the  basic  Ia  curves  for  determining  ground- 
flotation  requirements  for  multiple -wheel  loads.  Saere  is  an 
indication,  however,  that  the  load-adjustment  curve  mav  vary 
somewhat  with  load. 

c.  b^orraced-soll  strength  requirements  can  b®  related  to  single- 
wheel  or  equivalent  single-whed  -.cads,  tire  pressures,  and 
coverages .  The  nomograph  presented  in  Figure  25  illustrates 
this  relation  and  shows  that  the. allowable  traffic  increases 

as  the  load  or  tire  pressure  decreases  or  as  the  CBR  increases. 

d.  Knit iple -whe el  loads  operating  on  unsurfaced  soils  can  be  re- 
solved  into  equivalent  single-wheel  loads  by  relating  spacing 
and  percent  increase  In  single-wheel  load  for  each  adjacent 
wheel.  Figure  31  presents  this  relation  and  shows  that  an 
equivalent  single -wheel  load  will  decrease  with  an  increase  in 
spacing  with  a  very  rapid  change  occurring  between  2-  and  4- 
rsdii  spacing.  She  influence  of  spacing  on  the  E3KL  is  zero  at 
5 .5-radli  spacing.  The  ESWL  ujn  be  applied  -to  the  nomograph 
(Figure  25)  to  determine  ground-flotation  requirements  for 
multiple-wheel  gears. 

e.  Results  of  the  simulated  C-5A  I^o  (12  wheels)  on  landing  ssat 

”  colored  favorably  with  the  HI  criteria  but  indicated  that  the 
K8  criteria  were  conservative  for  the  C-5A  type  loading. 

f.  Results  of  the  simulated  C-5A  test  (12  wheels)  on  uasurfaced 

"  soil  were  more  satisfactory  than  the  criteria  developed  for 


/  p^isd^flotebioa  ra^uirecsats  indicate.  Sovever,  the 

unsurfaced  criteria  for  C-5&  type  gear  configurations  are  con¬ 
sidered  applicable  became  of  the  unknown  effects  of  braking  and 
turning  on  uasurfaced -soils. 

g.  Prgsfbar  pull  measure:  asnts  canbe  related  to  soil  subgrade 
strengths  for  &S  and  211  landing  mats  and  for  unsurf acad  soils. 

- .  '  Figures  34-39  present  this  relation  &z»*  show  that  the  drawbar 
pull  decreases  as  the  CBR  increases . 

h.  2ha  general  trend  of  the  effect  of  tire  size,  tire  ply  rating, 

T  and  tire  pressure  on  ground-flotation  capabilities  of  aircraft 

operating  on  unsurfaced  soil  -.-•as  determined.  The  data  indicate 
■feat  fee  allowable  traffic  on  an  unsurfaced  soil  increases  as 
the  tire  diameter  gats  larger  and  decreases  as  the  ply  rating 
increases.  Also,  the  allowable  traffic  increases  as  the  tire 
pressure  gets  smaller. 

i.  A  relation  was  established  between  velocity  and  drawbar  pull. 

~  Shis  relation  is  presented  in  Figure  40  and  shows  that  as  the 

velocity  increases,  the  drawbar  pull  decreases. 

Average  hard  surface  tire  contact  pressure  can  be  generally  re¬ 
lated  to  tire  inflation  pressure  for  the  types  of  tires  used. 
Figure  42  sho.s  that  for  inflation  pressures  below  about  130  psi 
the  contact  pressure  is  greater  than  the  inflation  pressures, 
and  that-  for  inflation  pressures  above  130  psi ,  the  contact 
pressure  is  less  than  the  inflation  pressure. 

Recommendations 


Based  upon  the  results  of  this  study,  the  following  recommendations 
are  presented? 

a.  Additional  tests  should  be  conducted  to  establish  the  effect  of 
load  on  the  load-adjustment  curve  since  these  tests  indicated 
that  the  load -adjustment  curve  may  vary  with  load. 

b»  Since  these  tests  developed  only  a  trend,  further  tests  should 
be  conducted  to  establish  fully  the  effects  of  tire  pressure, 
tire  ply  rating,  and  tire  size  on  ground  flotation. 

£,  Although  the  modeling  tests  to  study  spaed  versus  drag  were 
unsuccessful,  further  attempts  should  be  made  to  use  modeling 
to  study  this  relation  since  recent  model  testing  with  powered 
wheels  hai  been  successful. 

&.  Additional  tests  and  studies  should  be  made  to  determine  specif¬ 
ically  the  reason  for  the  3-  and  12-vheel  tests  producing  con¬ 
sistently  better  results  then  anticipated. 
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e.  "szs  an  indication  from  these  tests  that  wheels  ir.  tshdrs. 

**  performed  better  on  ussurfesea  soils  than  wheels  abreast  at 

-  the  sere-  gp-acing;  therefore,  addlt !  cml  teat  teg  ah  cold  be  con¬ 
ducted  te  establish  tbip  relation. 

f .  lz>  outgrowth  of  this  study  has  been  to  indicate  that  for  flexible 

psversats  the  ^oroeedures  used  for  obtaining  the  equivalent 
single  ~vh2  el  lead  for  raay  wheel  assemblies  nay  yield  unduly 
conservative  results,  therefore,  a  study  of  these  procedures 
SbooLi  ba  conducted  since  C-5-A  *  aircraft  will  be  required 

to  operate  from  pavements . 

g<  A  study  should  be  nade  of  the  procedures  for  counting  coverages 
since  the  Esthod  used  ray  contribute  to  sore  of  the  differences 
occurring  ir  the  test  results  reported  herein. 
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EQUIVALENT  SINGLE*  WHEEL  LOAD. 


EQUIVALENT  SINGLE -WHEEL 
LOAD— ADJUSTMENT  CURVE 
FOR  LANDING  MAT 

— - - -  — 

Figure  20 
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Figure 


usssaax  it  Tim  gf  tzst  fcei  zzmczms!  of  dssi© 

C2TSSSI&  KS  TBS  CZ-EES  AXKCB&IT 
Purpose 


OS12  gri&sry  objective  of  this  program  is  to  obtain  sufficient  data 
for  establishing  criteria  which  will  permit  design  of  an  efficient  Ibading- 
gear  configuration  for  a  700,000-  to  800P0CQ-lb  gross  Weight  subsonic 
transport  aircraft  teat  will  be  capable  of  operating  cm  support-area  air¬ 
fields.  It  is  also  desired  to  obtain  data  for  improving  existing  ground- 
flotation  crx*eria,  particularly  in  regard  to  low-pressure  tires  and  light 
wheel  loads.  Specific  objectives  of  the  field  tests  outlined  herein  are 
to  detersiae  tee  effects  of  the  following  variables  on  surface  distortions 
and  rolling  resistances  on  bote  unsurfaced  and  mat-surfaced  soils: 

a.  Sire-inflation  pressure 

b.  Wheel  load 

e.  Multiple-wheel  assemblies 
d«  IGieel  spacing  on  multiple  assemblies 
e.  Tire  size 

f Speed  (to  a  limited  degree) 


Scope 


A  proposed  schedule  of  tests  to  meet  the  test  objectives  is  shown  in 
Table  VII.  This  schedule  indicates  a  rather  extensive  and  time-consuming 
test  program  which  should  furnish  a  considerable  ssxmat  of  basic  data  for 
use  in  revising  and  improving  current  ground -flotation  criteria.  However, 
dues  to  the  importance  of  the  time  element  in  this  investigation,  completion 
of  this  schedule  of  testing  may  not  be  possible.  Deviations  from  this 
schedule  will  be  made  as  test  data  .'are  obtained  and  by  information  fur¬ 
nished  by  the  supporting  agency  (USAF)  from  related  studies.  Every  effort 
will  be  made  to  obtain  the  oxhasa  exeunt  of  information  with  sdniEuxa  ef¬ 
fort.  Spot-check  tests  will  be  used  to  the  fullest  extent  possible. 


Procedure 

— w»—  w  wii  m  ■  j  :l  1  r  I 


Ets  proposed  teats  with  1000-  and  2O0O-3b  single-wheel  loads  will  be 
conS&etcd  in  tea  Eobillty  research  facility  at  tee  U.  S.  Arsy  Sigiaeer 
tlatsrixys  least  Station  Vicksburg,  I2t.se ,  Each  test  will  be 
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Js'ctai  is  a  gqi^xate  tsst  1 sns  xMch  sill  fee  subjected  to  traffic  of  a 
’V.  :si'fie  ^ipsi  is-^L'aad  tisfe  gsmz&S&a.,  Bash  test  less  Hill  consist  oj.  one 
&S3  iStg?  a  ts^fejai  .sell  strength.  S2sa  traffic  teat  leap  will  have  a  width 
eg  ’  e^jQWssfgrst^P  fosr  tire  prists  sad  ’flu  be  tubjected  to  vffliform-coverage. 
traffic* 

^xe  tests  fdr  wheel  loads  greater  tba^  2000  lb  will  be  conducted  oa 
gww.Tftily  prepared  test  sections  is  hangar  4  at  KBS.  Eiese  sections  i?ill 
consist  of  one  or  rare  test,  lanes  unat  will  bo  subjected  to  traffic  of  a 
•  s^eaifie  ShsaL  or  assembly  load  sad  a  specific  tire  pressure.  Each  test 
lone  t?12X.  consist  Of  Several  test  items  of  different  sutgrade  strengths 
or  i^pss  of  surfacing.  The  traffic  lanes  will  be  approximately  12  ft  wide 
end  •rill  be  subjected  to  uniform-coverage  traffic.  A  typical  layout  of  a 
test  esetier,  is  shown  in  Figure  44. 


Prototype  Test  Cart 


Host  of  the  tests  is  hangar  4  will  be  conducted  using  present  load 
carts.  However,  the  size  of  the  prototype  gear  is  expected  to  be  such 
that  A  special  load  cart  -must  be  designed  and  built  is  order  to  test  it. 
Elis  load  cart  will  be  designed  and  built  so  that  it  will  be  versatile  and 
capable  of  being  adapted  uo  almost  any  type  gear  that  may  be  proposed  for 
the  GX- HIS  aircraft.  Pressure  distribution  on  a  smooth,  hard  soil  surface 
for  tires  used  In  the  prototype  tests  will  be  obtained  using  CEC  pressure 
cells  EOTttiteS,  on  a  rigid  plate. 


Speed  Testa 


Limited  speed  tests  will  be  conducted  in  conjunction  with  tests  shown 
ia  Table  VII.  The  KES  will  attempt  to  develop  relations  between  drag 
(rolling  resistance)  and  speed  through  the  use  of  dimensional  analysis  and 
sealc-xadel  testing  or  other  recommended  procedures.  Relations  between 
drag  csd  rats  of  acceleration  will  also  be  studied. 


She  possibility  of  conducting  full-scale  dreg  speed  tests  will  also 
fee  essoined.  There  are  at  least  two  organist  ions  that  may  have  the  capa¬ 
bility  of  co&Ssustisg  theca  full-scale  drag  speed  tests:  I14SA  Landing 
Leads  Erse k,  Langley  Research  Center,  Langley  Air  Force  Ease,  Vs,.,  and 
All-iiEiericoa  Engineering  Company,  Mlcisgton  5,  Bel.  These  organizations 
will  fee  ce&toetai  after  this  plan  of  test  has  been  approved. 


Traffic  Coverages 


2&z S  Cx2  tiro  pressures  sheen  in  table  AX  for  the  various  sub- 
atrsKgfcUf  ware  selected  to  produce  failure  within  2C-0  coverages. 


Ss.  cjx'S  c mzs,  failnrs  shouM  develop  in  less  Sfesn  £0.  coverages.  In  all 
feaffie  tests,  traffic  v?iXl  be  applied  .-ntil  falter®  develops  cr  to  a 
Of  £00  e0V3S?£ge3. 


Sabgrsde  Soil 


A  heavy  clay  soil  (OH)  rill  be  used  for  the  test  section  eubgrades. 
'Ess  subgrsdes  will  be  constructed  as  required  by  test  conditions  to  a 
total  thickness  of  2k  to  72  in.  in  6»in»  -thick  eosrgaeted  layers  at  rater 
contests  S3  required  to  obtain  the  desired  euhgrude  strengths.  All  unsur- 
faeed  test  items  rill  be  kepi  covered  rath  sesbrane  to  prevent  feeing,  ex¬ 
cept  for  the  actual  tins  that  traffic  is  being  applied.  Sprinkling  of  the 
surface  to  pravaa-t  drying  a  buildup  in  strength  will  also  be  aceosa- 
plished  as  required. 


Test  Observations 


Hater  content,  density,  and  CBH  determinations  will  be  resale  prior  to 
traffic  and  at  point  of  failure  in  all  test  items.  Similar  determinations 
msy  also  be  made  at  intervals  during  traffic  where  there  is  any  visual  in¬ 
dication  of  a  change  in  strength.  Eiese  tests  will  be  made  at  surface  of 
subgrade  and  at  depths  of  6-  12,  and  18  in.  Hie  rated  strength  of  the  test 
itens  will  normally  be  based  on  combined  effects  of  the  CBH  values  for  the 
surface  and  6-  and  12-in.  depths  for  all  data  obtained  before,  during,  and 
at  end  of  traffic. 

The  rolling  resistance  or  drag  forces  will,  be  measured  for  each  test 
item  at  the  beginning  and  end  of  traffic  and  at  some  interval  during 
traffic. 

level  readings  to  determine  surface  distortions  end  elastic  deflec¬ 
tion  of  eubgrede  and/or  mat  will  be  taken  prior  to  traffic,  at  intervals 
during  traffic,  end  at  end  of  traffic. 

Close  visual  observations  of  behavior  of  sub-grades  and  mat  during 
traffic  vUl  be  cade  and  recorded  throughout  the  traffic  period.  These 
observations  will  be  supplemented  with  photographs  as  appropriate. 


Tentative  Failure  Criteria 


She  falter®  criteria  presented  below  ere  tentative  only  and  ere  sub¬ 
ject  to  change.  Any  changes  will  be  based  on  g  cor®  detailed  stuSy  then 
has  bssn  possible  up  to  this  time  of  previous  feltero  criteria  end  data  re¬ 
lating  thereto. 
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£s£hs?e  of -mzvxSsfldL  test  will  be  basal  on  elastic  deflection 
sstsa?  leci  csS  passjssst  detestation  or  ratting.  i'tsa  the  -elastic  defies 
ttm  cfmzi.Zz  1,5  ’£&«  er  rdwt&£g  csceeds  a  3-ia.  depth,  the  tost  ites  will 
he^uSsed  as  failed.  A  gasdasaa  allowable  rolling  resistance  in  percent  of 
wheel  lead  say  also  be  Incorporated  in  the  failure  criteria .  ' 

Failure  of  the  cat-sarfaced  test  iiesss  will  be  Judged  on  the  basis  of 
(a)  deveXopsent  ,of  roughness  and  (b)  excessive  cat  breakage*  tfhen  surface 
deviations  fresg  s  10-rfh  straigltedge  eqpal  or  exceed  3  in.  in  any  direction 
within  the  traffic  lane,  the  test  itea  will  be  considered  failed  due  to 
rci«@mesS4  Vhm  cat  breakage  develops  in  10  percent  or  acre  of  cat.  panels 
within  the  traffic  lore  to  the  extest  of  producing  tire  hazards  or  endanger¬ 
ing  aircraft  operations,  the  test  item  will  be  considered  fail®!.  Shis  will 
allow  for  a  10  percent  cat  rsplseyaenfc  dorirg  the  period  of  traffic. 
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*  Theca  teats  sill  be  repeated  with  an  extra  wide  tire  if  this  appears  desirable  as  lie  test 
progrsn  prepresses. 

®s  TSscse  testa  will  be  conducted  as  pert  of  a  related  study.  Only  sjwt-cheeh  teats  i-ith  200-psl 
tires  will  be  included  ia  this  program, 
t  Kssae  tests  have  been  ecrjdoted  oa  Til  tat  aa  pert  of  a  related  study. 
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TYPICAL  TEST  SECTION 


aeesdix  at  mstmmms  ms  defiscthus 


BsfoiTB&tiona  sad  deflections  reflect  the  general  shape  or  coalition 
of  the  surface  of  a  test  section  and  ere  used  in  judging  failure  condi¬ 
tions.  Definitions  of  and  procedures  for  determining  the  various  types  of 
deformations  and  deflections  are  given  in  the  following  paragraphs . 


Deformation 


Deformation  is  the  difference  between  the  elevation  of  a  point  on  the 
surface  of  a  test  section  prior  to  trafficicing  end  the  elevation  of  the 
seme  point  after  a  specified  number  of  traffic  coverages.  Generally,  the 
points  of  elevation  are  alwiig  a  line  perpendicular  to  the  direction  of  traf¬ 
fic  (known  as  cross-section  deformations)  or  parallel  to  traffic  (profile 
deformation) .  A  typical  cross -sect ion  deformation  is  determined  as  follows 
(Figure  45):  Points  A,  B,  C,  D, 

and  E  are  points  csl  the  surface  a  E 

of  a  test  section.  Theoreti¬ 
cally,  the  surface  is  uniformly 
horizontal  prior  to  the  applica¬ 
tion  of  test  traffic,  t  t  due  to 
irregularities  in  the  surface  of 
the  t-ae'i  section,  small  differ¬ 
ence*}  in  elevation  exist.  As 
traffic  is  applied,  the  test  sur 
face  is  deformed  and  the  rela¬ 
tive  positions  of  the  points 
change  in  a  vertical  direction 
to  A*,  3*,  C%  D*,  and  8*.  The 
differences  between  the  eleva¬ 
tions  of  points  A  through  E  and 
A*  through  E’  are  equal  to  a,  b, 
c,  d,  and  e,  respectively. 

These  values  are  then  plotted 
from. a  cannon  line,  as  shown  in 

Figure  45(h)*  order  to  illustrate  graphically  deformation  of  surface 
along  the  particular  line  selected. 


Pi  glare  45- 


Cross-section  deformation 
measurements 


Deflection 


a.  Total  deflection.  Total  deflection  is  the  difference  between  the 
”  elevation  of  a  point  on  the  surface  of  a  test  section  as  it 

exists  at  any  coverage  level  and  the  elevation  of  the  same  point 
flaea  a  static  test  load  is  applied.  Deflection  generally  is 
measured  at  points  directly  under  the  load  wheel  or  assembly  and 
r.t  specified  intervals  on  either  side.  For  exsssple,  in  Figure  46 
deflection  is  measured  at  point  C  under  the  load  wheel,  and  at 
points  A,  B>  D,  and  S  on  either  side  of  the  load  wheel.  Frier 
to  application  of  the  static  lead,  points  A,  B,  C,  D,  end  E 


97 


Figure  46.  Deflected 
surface  of  test  section 


on  tiie  test  surface  appeared  as  in  Figure  47(&).  With  the  static 
test  load  applied  at  point  0 

C  (large  arrow),  the  sur-  a  _ — - -  — • — — «. - B 

face  deflects  vertically,  i!  f  11 

changing  the  positions  of  h  c  7£rr  d  t 

these  points  to  A* ,  B* ,  C’,  A  load  ■ 

2>' ,  end  E' ,  respectively. 

The  differences  in  eleva-  D* 

tions  between  points  A 

through  E  and  A’  through  (a) 

E1  are  a,  b,  c,  d,  and  e, 

respectively.  These  _ _ ^  _ _ 

values  are  then  plotted  |g  |  '  T  I 

from  a  common  line  as  in  k  u  j 

Figure  47(b)  in  order  to  c  j 

illustrate  the  total  de-  ^ 

flection  caused  by  the 

static  application  of  the  (b) 

test  load, 

figure  4?.  Illustration  of  total  de- 
Elastic  deflection  and  flection  measurements  on  landing  oat 
permanent  deformation.  In 

the  measurement  of  total  deflection  on  metal  landing  it  is 

assumed  that  for  all  practical  purposes  the  surface  of  the  test 
section  returns  to  its  original  shape  and  elevation  upon  removal 

of  the  static  load;  thus,  the  total 

a  - - - - — deflection  also  is  considered  to  be 

%  ^  ,x-  an  elastic  deflection  for  that  par- 

°  lo*o  v.>sepl.  ti  ouiar  surface.  For  an  i>nsurfa:ed 
jljlj  jj  plastic  soil,  however,  this  assump- 

A  WZyF':\  IfiTi  f!  i  P* — tion  generally  1 1  invalid  because 

\jj'  J.  |  J /  there  ir  a  significant  permanent  de- 

HJJ  j  |  1 y  formation  as  well  as  elastic  de- 

G - — fltecti on  ’:rpOii  application  of  the 

,n  static  load.  Permanent  deformation 

■*s  caused  by  rutting  or  soil  eon- 
A  solidation  and  failure  of  the  soil 

)  /  to  rebound  fully  to  its  original 

c - elevation.  Total  deflection,  there - 

0  _ fore ,  is  the  sum  of  the  permanent 

deformation  and  clastic  deflection, 
(e)  This  is  illustrated  in  Figure  48. 

The  original  elevation  of  a  soil 
Figure  48.  Illustration  of  surface,  A  ,  is  shown  in  Fig- 
total  deflection  on  unaur-  use  48(a).  The  coll  is  deflected 
faced  soil 
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by  tu  lead  wheel  (Figure  48{b}}  tmiiX  it  reaches  a  sssi» 
tS&  def&ast&oa  at  3  .  232  soil  surface  .then  rebounds  to  C 
after  the  2s2d  %&®el  is  zesgrvea.  (Figure  Wsc)}.  la  toms  of  ds- 
_SX&vfa£&>  the  total  deflection  ia  this  case  is  equal  to  A  -  B  . 

•  Elastic  deflectiesi  is  equal  to  C  -  3  ,  anc  psaessssai  So  ossatioa 
is  spal  to  A  -  C  «  2a  deflection  is^nremaats  os  Hast  faced 
soils,  total  deflections  on  either  side  of  the  load  the-  are 
detarsiaed  ia  the  seas  nssnsr  &s  on  sstal  landing  mats,  ad  these 
values  are  plotted  fmz.  a  season  line* 


Beflectloa  under  load  wheel.  5he  method  of  measuring  deflection 
directly  under  a  lead  vasal  obviously  must  differ  from  the  pro¬ 
cedure  used  to  deteisdne  deflection  on  either  side  of  the  'heel. 
On  a  suhgmte  covered  by  a  metal  landing  sat  this  value  generally 
is  determined  by  extrapolation  of  the  curve  established  by  the 
deflection  of  points  on  either  side  of  the  load  wheel.  In  Fig¬ 
ure  %  below,  the  total  deflections  at  points  A,  B,  D,  and  E  are 
determined  as  described  in 
tbs  preceding  paragraphs, 
and  the  total  deflection  at 
point  C  is  determined  by 
extrapolation  of  deflection 
data  concerning  AB  and 
BE  .  On  tarsurfaced  soils, 
however,  both  total  and 
clastic  deflection  measure¬ 
ments  ere  made  directly 
under  the  load  wheel.  523,1s 
method  involves  a  steel  pin 
and  cap,  the  elevation  of  which  must  be  determined  before  and 
after  the  static  load  is  applied.  Specifically,  the  procedure  is 
as  follows  (Figure  50): 


Figure  49.  Illustration  of  deflec¬ 
tion  measurements  under  wheel  load 
on  landing  mat 


Figure  50.  Illustration  of  deflection  measurements  under  wheel 

load  on  uasurfacsd  soil 

In  Elgura  50(e)  the  original  ground  level  is  designated  t"  .  A 
steel  pin  is  forced  into  the  soil  with  the  top  of  the  pin,  , 


Slightly  halo  grada  IssaL.  A  cteul  cup  is  then  placed  on  the 
pin  and  both  are  forced  Sosa  until  tbs  top  of  the  cap  is  fbish 
vita  tbs  sail  surface.  She  elevation  of  the  cap  top  is  also 
.dssisaatsd  0^  .  She  difference  between  C~  end  p.  is  ’'he  cap 
thickness,  te~,  or  =  C^,  -  p_p  .  In  Figure  50(h),  the  load 
wheel  is  applied  over  "the  cep  eld  pin,  deflecting  the  soil  down¬ 
ward.  Ssis  is  the  position  of  radran  or  total  deflection.  In 
Figure  %\  c) ,  the  load  wheel  has  been  removed  end  the  soil  haa  re¬ 
bounded  with  the  css,  leaving  the  pin  embedded  at  the  position 
of  gasjgrsa  deflection,  Pj,  .  Foie  that  pn  is  the  elevation  of 
the  top  of  the  pin,  not  the  soil,  vhiek  is  slightly  above  the  pin 
tcp  st  raadscn  deflection  due  to  cap  thickness .  ah?,  soil  does 
not  rebound  to  its  original,  position,  Cf  ,  but  now  is  slightly 
lower  at  Cjj  (measured  at  the  top  of  the  cap) .  T.  e  difference 
between  the.  elevation  of  the  cap  top  at  Cf  ar'  „c  Cn  is  the 
permanent  deformation  and  is  designated  Ap  . 


A 

P 


(1) 


The  total  deflection,  A^  ,  is  the  difference  between  the  origi¬ 
nal  elevation  of  the  soil  ant  tfc*  ais.oiion  of  the  soil  at  the 
xsazteggn.  deflection  (Figure  50(b)  and  50(c)).  This  deflection  is 
calculated  by  taking  the  difference  between  the  pin  elevation  at 
pf  CM  Pn  .  Zte  mrttaatical  amreasiOT  is  derived  as  follows: 


\  -  '-Ct  *  P„>  ’  *c  (2) 

*  <°f  -  P„>  -  <Cf  -  Pf) 

*t  =  Pf  '  Pn 

Frau  equations  1  and  2,  the  elastic  deflection,  A^  ,  can  be  ob¬ 
tained  as  follows;  '  ~ 


A  =  (p»  -  p  )  -  (C-  -  C  ) 

e  N4r  *n'  '  f  tr 

Shis  method  of  determining  soil  deflections  is  normally  limited 
to  m> surfaced,  soils  and  pierced  metal  mats ;  -  however ,  it  can.  be 
used  with  solid  sheet  metal  mats  by  cutting  an  access  hole  in 
the  mat.  tnta  used  with  metal  mats,  the  top  of  the  cap,  ,  is 
adjusted  to  the  elevation  of  the  mat,  not  that  of  the  subgrade. 
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.  S lazing  is  a  deformation 
imasnrsssni  applied  only  to  retal 
Irhming  csfe.  It  is  a  nsasure  of 
the  d®?omsti<a  of  a  sizzle  panel  Figure  51*  Illustration  of  disking 
£d  is  determined  'ey  jseasnriog  the 

ssssirsn  departure  of  the  cat  panel  frea  a  straightedge  placed  across 
th$  width  of  tbs  penal,  A  dishing  jseasurersat  is  illustrated  in  Figure  51. 


differential  defoliation 

Differential  defoliation  is  a  Erasure  of  the  roughness  of  a  test 
section.  Sis  measurement  is  made  by  placing  a  straightedge  10  ft  long  on 
the  surface  of  the  test  section  and  censoring  the  rasimn  vertical  depar¬ 
ture  of  idle  surface  free  the  straightedge  between  any  feo  points  at  which 
the  straightedge  rests  ca  She  surface  (Figure  52).  normally,  this  measure - 


Figure  5*2.  Illustration  of  differential  defoliation  measurements 


cent  is  nede  vith  the  straightedge  placed  in  three  different  positions: 
along  the  direction  of  traffic,  tensed  longitudinal  differential  deforma¬ 
tion;  perpendicular  to  the  direction  of  traffic,  transverse  differential 
deformation;  and  ia  a  position  diagonally/-  across  the  direction  of  traffic, 
diagonal  differential  deformation. 

getting 


Mother  type  of  deformation  neaorrsrent  in  unsurfaced  soils  is  the 
determination  of  rut  depth.  Generally*  a  rat  is  the  deformation  result¬ 
ing  fren  soil  shear  displacement  caused  by  sn  individnai  tracking  tire 
sad  has  the  general  cross-sectional  configuration  sho-jn  ia  Figure  53-  la 
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this  case,  the  rut 
wiaua  is  equal  ap¬ 
proximately  to  the 
width  of  the  track¬ 
ing  tire.  Ksasurs- 
"  rent  of  rut  depth  in 
this  case  is  per¬ 
formed  as  follows: 

Figure  5b.  Illustration  of  rut  depth  measurements  a  straightedge  is 

placed  on  the 

shoulders  of  the  rut  as  shown  in  Figure  5h,  and  the  maximum  vertical  dis¬ 
tance  frees  the  lower  edge  of  the  straightedge  to  the  bottom  of  the  rut  is 
measured.  Frequently,  however,  due  to  such  factors  as  the  spacing  of  the 
load  wheels  in  multiple -wheel  assemblies  or  the  influence  of  the  tracking 
cart  outrigger  wheels,  a  rut  as  distinguishable  as  the  type  shown  in  Fig¬ 
ure  53  is  not  evident.  Instead,  although  the  general  shape  of  a  rut  is 
present,  the  width  of  the  individual  deformed  area  is  two  to  three  times 
the  tire  width.  A  configuration  of  this  type  of  compound  rut  is  shown  in 
Figure  55*  Determination  of  the  width  of  the  rut  in  this  case  is  a  matter 


Figure  55.  Illustration  of  compound  rut 

of  judgment.  If  the  rut  width  is  limited  to  one  tire  width,  as  shown  in 
Figure  55,  the  rut  depth  will  be  zero.  Obviously  this  is  erroneous  because 
the  soil  surface  is  quite  rutted,  therefore,  in  the  measurement  -f  the 
depth  of  a  compound  rut,  a  straightedge  is  placed  so  that  the  ends  rest  on 
the  closest  prominent  soil  ridges  or  shoulders,  as  shown  in  Figure  56,  and 


Figure  56.  Illustration  of  rut  depth  measurement 

the  rut  depth  is  measured  as  the  maximum  distance  from  the  lower  edge  of 
the  straightedge  to  tbs  bottom  of  the  deformed  area.  Obviously,  as  the 
distance  between  closest  prominent  soil  ridges,  AB  ,  approaches  10  ft,  the 
measurement  is  no  longer  a  rut  depth  determination  but  becomes  a  measure  of 
transverse  differential  deformation.  Therefore,  the  criterion  for  the 
maximum  allowable  distance  AB  is  three  times  the  tire  width.  If  the  dis¬ 
tance  between  closest  prominent  soil  ridges  exceeds  three  times  the  tire 
width,  the  measurement  is  made  with  a  10 -ft  straightedge  and  is  called  the 
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transverse  differential  deformation,  in  which  case  fchs  rut  depth  will  be 
S3T0.  Soil  deformation  in  this  case  is  attributed  to  general  consolidation 
of  the  soil  rather  than  rutting. 
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The  Flexible  Pavement  Branch,  Soils  Division,  U.  S.  Array  Engineer  Waterways  Experi¬ 
ment  Station,  Vicksburg,  Miss.,  has  conducted  a  series  of  tests  to  establish 
aircraft  ground-flotation  criteria  with  special  emphasis  on  developing  criteria  for 
the  C-5A  aircraft.  This  report  presents  an  analysis  of  data  collected  as  a  result 
of  traffic  teat ,  or-  unsurfaced  soils  and  soils  surfaced  with  K8  and  Til  leading  cat. 
Also  presented  introductory  and  background  information  on  the  Waterways  Experi¬ 
ment  Station  ground-flotation  research  pro, gram,  a  description  of  the  test  equipment, 
materials ,  procedures,  ard  techniques  used,  and  examples  of  use  of  the  criteria. 
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